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CHAPTER I 
INTRODUCTION 
A. Purpose of the Study 
The purpose of this study is to discover, if possible, the causes 
of the difficulties which sophomore college students meet in solving 
problems in Pharmaceutical Arithmetic. 
Many studies have been made concerning the specific arithmetical 
errors of pupils in elementa~ schools. Indeed, some such investigations 
have been carried out with high-school students as tre subjects. But very 
few analyses of the arithmetical errors of college students have been 
made. Presumably the reason for this is that most college students are 
registered in classes of 11 adve.nced mathematics." 
B. Importance of Arithmetic to Pharmacy 
The importance of the knowledge of arithmetic to the pharmacist 
nan hardly be over-emphasized. In addition to that aritTh~tical 
information which is necessary for any retail merchant to possess, the 
pharmacist must have that which applies to his particular field of 
1 
operation. W.W. Charters summarizes th:i.s in "Basic Material for a 
Pharmaceutical Curriculum": 
1. W .w. Charters, Basic Material for a Pharmaceutical Curriculum, New York: 
T1cGraw-Hill Book Company, 1927-;p.4o 
p 
A knowledge of mathematics is 
needed by the pharmacist in compounding 
and dispensing prescriptions~ in calcu-
lating the cost of prescriptions~ in 
carrying on the ~rocesses of operative 
pharmacy~ in testing~ assaying, and pre-
serving pharmaceutical products as well 
as in reading the United States Pharmacoepoeia 
and the National Formulary. It is also needed 
by the student in the study of bacteriology, 
botany, chemistry, pharmacognosy, and physics. 
In addition, the pharmacist uses mathematics 
in other phases of commercial pharmacy. This 
skill or lack of it is a crucial matter 
because in the case of toxic drugs the death 
of a patient may result from inaccurate 
computations. 
Charters and his co-workers examined 10,000 prescriptions in their 
investigation of the amount of arithmetic involved in prescription 
compounding. The following arithmetical operations were present, a.ll of 
them in the first 616 prescriptions studied: (1) calculating the dose 
(2) calculating the solubility (3) calculating the percentage strength in 
solutions and ointments (4) calculating the strength in parts per 
thousand (5) calculating a suffic:lent quantity to make both limited a.nd 
unlimited amounts (6) calculating the amounts of chemicals for saturated 
solutions (7) calculating the amounts of emulsifyinp: agents to be used 
(8) calculating the amounts of diluents (9) reducing a.nd enlarginp: 
2 
formulas ( 10) convertinp: systems of Heasure in both volume and weight from 
English to netric and metric to English systems. 
From the 10,000 prescriptions, the investigators selected · 1,057 
for this study of simple arithmetical operations. 
In addition computations the range was from 0.006 to 28,800. Addition 
of whole numbers occurred 1,216 times with a. range of numbers from one 
3 
digit to five digits. Decimals were added 447 times with a. range from 
0.001 to a. quantity consisting of Pine inteE:ers to the left of the decimal 
point. Common fractions~ mixed fractions, and a variety of combinations 
of the foregoinr were met. 
In 1,022 subtraction computations the range of the minuends was from 
two to 15,360; of the subtrahends, from o.ooa to 2,560.5. Whole numbers 
appeared 429 times and ranged from one-place quantities to five-place 
quantities. Common fractions, decimal fractions, and whole numbers 
appeared in the subtrahends; decimal fractions and whole numbers in the min 
uends. 
In 7,399 multiplication computations the range was from 0.001 to 
five-place numbers~ and in the case of common fractions, from those with 
a denominator of three places to those with a denominator of one place. 
One improper fraction was included. This was multiplied by a. common 
fraction. 
In 3~053 division computations the range of dividends was from 1/150 
to 340,000; of divisors, from 0.064 to 1,000. Of the operations, 2,460 
involved the division of whole numbers by whole numbers and 363 involved 
thP- division of decimal fractions by whole numbers. Seventy-one denominate 
numbers occurred. 
One thousand, eight hundred and seventy-one items with mathematical 
connotations were found in the 1,057 prescriptions. These included Arabic 
numbers with or without such abbreviations as "No.", Roman numerals, and 
such expressions as "every three hours," "Gtt. 11 , "q.s.a.d.", and "per 
cent." 
4 
An analysis of 178 pages of the United States Pharmacopoeia IX 
showed that 481 mathematical concepts were used 6,199 times. 
Mention of these statistics relative to the reading of prescriptions 
and of the United States Pharmacopoeia, which are but two of the many 
pharmaceutical operations involving the knowledge of mathematics, 
illustrates how very important such knowledge is to the pharmacist. 
c. Need for the Investigation 
The need for an investigation of this type, evident to every teacher 
of Pharmaceutical Arithmetic throughout the United States, may be set 
forth as follows: (1) Lower rmrks and more failures are reported in Phar-
maceutical Arithmetic than in any other subject contained in the Pharmacy 
curriculum, (2) Students as a whole are notoriously careless in both 
mathematical calculations and in arrangements of problem material, (3) 
Arit~~tical accuracy is of prime importance to anybody co~nected with 
the general heel th of his community. 
2 
Relative to the low marks received by students, Clyde M. Snow states 
in the preface of "The Arithmetic of Pharmacy:" 
Not·withstanding that gradm.tion from 
high school is now a prerequisite far 
entrance into a school of pharmacy and that 
such graduation implies a sufficient knowledge 
of arith~tic to solve all problems encountered 
in a course in pharmacy, the fact remains that 
this branch sees the failure of more students 
than does any other cot~se. However, a closer 
inspection of these failures frequently reveals 
2. Clyde N. Snow, The Arithmetic of Pharmacy, St. Louis: The C.V. Mosby 
Comptny 1 1925. Preface. 
the fact that it is a failure in 
pharmacy or possibly chemistry rather 
than in arithmetic, that is, inability 
to apply arithmetical principles to 
pharmaceutical problems. 
D. Summ.ary of the Problem 
Because of the prevalence of mistakes in Pharmaceutical Arithmetic, 
5 
it was decided to investigate their causes. The problem of this study was 
threefold: (1) To examine carefully three sets of examination papers 
written by the students of the class in Pharmaceutical Arithmetic to find 
the errors and their prevalence; (2) To improvise a diagnostic classificatia 
by means of which these errors might be tabluated; (3) To subdivide the 
work which is given in the subject and to provide tests for the sub-division 
so that remedial work and preventive measures might be carried out. 
,......--
--------------------------------------------. 
CHAPTER II 
SURVEY OF PREVIOUSLY REPORTED 
RELATED STUDIES 
This chapter attempts to summarize 17 research studies of arithmetical 
errors of pupils in elementary schools, two studies of the errors made by 
high-school pupils, three researches carried out with college students as 
subjects, and one comparison of the arithmetic ability of men in the ar.my 
with that of pupils in school. 
1 
A. Studies Using Grammar-School 
Pupils as the Subjects 
Gist reported the attempt which he made to locate arithoetic diffi-
culties by the use of Courtis Tests in Seattle in June, 1916. He examined 
812 papers from six different schools, noting and tabulating the errors in 
subtraction, multiplication, and division. He noted that the same error 
was quite constant in each grade and that there was consider~ble constancy 
in errors of problams on the same papers. For example, one pupil who had 
but six correct problems out of 13 attempted in multiplication made all of 
his mistakes in adding. Also, some pupils in the various grades multiplied 
by one whenever they had a cipher in the multiplier. 
1. Arthur s. Gist. "Errors in the Fundamentals of Arithmetic." School and 
Socie~~:l75-77, August, 11, 1917. 
6 
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Table I 
Errors in the Three Processes Caused 
by Type Difficulties in Grades 
Four to Eight. Inclusive 
Grades 
4th 5th 6th 
SUBTRACTION 
Borrowing 54 % 56 % 52 % 
Combinations 36 38 45 
Omissions 2 1 2 
Reversions 1 2 ..1. 2 
7 - 0 = o, etc. 5 3 ..1. 2 
Left-hand digit 0 0 0 
MULTIPLICATION 
Tables 79 73 73 
Addition 18 20 22 
Cipher in multiplier 1-k 6 5 
DIVISIOI~ 
Remainder too large 34 39 27 
Multiplication 22 15 19 
Subtraction 11 14 18 
Last remainder Q and 
0 in dividend 7 15 19 
Multiplicand larger than 
the dividend 7 4 1 
Failure to bring down 
all the dividend 7 4 3 
7 
7th 8th 
51 % 55 % 
44 41 
3 1 
0 0 
0 0 
0 2 
77 75 
19 20 
4 5 
19 10 
37 33 
25 23 
7 11 
1 1 
0 6 
~----------------------------------------~ 
8 
Grades 
4th 5th 6th 7th 8th 
Failure to br;mg down 
correct digit 2 1 4 4 
Failure to place all of 
quotient in quotient 7 1 1 3 
Cipher in quotient as 
908 - 98 3 7 8 4 
The preceding table of Gist shows the per cent that each type of' 
error is of the total number of' errors made in each process. For example, 
in subtraction in tl:s firth grade, 56 per cent of the total errors were 
made in borrowing. 
2 
Stone concludes that the chief' source of' failure to solve arithmetic 
6 
3 
7 
problems is "the failure to provide clear mental images which the statement 
of a problem should call up in a child's mind." He adds that other principa 
sources of' failure in problem solving include the following: (1) Problems 
are not concrete, (2) Inaccuracy in computation is present, (3) Approxima-
tions were made before computation was completed, (4) There is a lack of' 
understanding of' fundamental processes, (5) The author's assumption of' facts 
not known to the pupils, (6) Pupils lack the mental power to reason out 
what processes to use because of the exceeding complexity of' data. 
3 
Osburn conducted an extensive investigation of' the errors in 
fund~~entals in arithmetic in which he carried out tests with 21,000 
children in grades three to eight inclusive. Approximately two-thirds of' 
2. John c. Stone. Teaching of Arithmetic, New York: Benjamin H.Sanborn and 
Company, 1920, p.l74=I9l.-
3. Worth J .Osburn. "Errors in Fundamentals in Arithmetic." Journal of 
~-· ------------------------------------~ 
all the children taking the tests made errors and "the distribution was 
irregular throughout the grades, the greatest per cent (81) being made by 
the fourth grade and the lowest (57) by the sixth grade. 
"Typically wrong answers occurred in practically all grades and many 
of them point clearly to the incorrect mental activity. For example, 90 
as the answer for the sum of 70 and 29 indicates that some children get 0 
9 
as the sum of 9 and o. In handling denominate numbers, it is evident that 
in many oases they were treated as abstract numbers." 
Investigation of the errors in addition showed the 18.3 per cent were 
due to failure to reduce the answer to proper tenus, 11.1 per cent were 
caused by the addition of the numerators of fractions for a nmv numerator 
and the addition of the denominators for a new denominator, and 8.2 per cent 
showed failures in carrying. 
• 
~ 
Subtraction errors showed that 3.0 per cent failed to use the decimal 
point, 15.7 per cent failed to pay back when there had been a case of 
borrowing, 10.4 per cent failed in decimal fractions by writing the 
apparently smaller number under the apparently larger one, 9.1 per cent 
treated denominate numbers as abstract ones, and 9.8 per cent reversed the 
subtraction, e.g., 8 from 11 gave 17. 
An examination of the errors in multiplication disclosed that more 
than 25 per cent were caused by the three follovnng types of mistake: 
(1) Failure to place the decimal point. This was the cause of llo4 per 
cent of the errors in multiplication;(2) Failure to multiply by the 
fractional part of mixed nwnbers. This caused 9~8 per cent of the errors; 
Educational Research 5:348-49, April, 1922. 
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(3) The type A times 0 = A. This was responsible for 5.5 per cent of the 
errors. 
Seven and two-tenths per cent of the errors in division were due to 
an apparent failure to observe the sign given because the process of sub-
traction was used instead of division. 
The author points out several conditions that are worthy of notice. 
"The comparisons of numbers above the fives are more difficult than those 
below. Comparisons in addition whose sum exceeds ten are generally more 
difficult than those whose sums are less than ten. Carrying e.nC. ::::·e.rticu-
lf'rly borrowing e.re difficult. Zero combinations are troublesome in all 
grades. In division, a number divided by itself is often mixed. In 
fractions, children are apt to confuse multiplication and division with 
addition and subtraction. The results of the test point conclusively to 
the fact that more attention should be given to denominate numbers." 
4 
Wilson says that "the failure on the part of pupfi.ls to solve 
arithmetic problems is due to poor reading and consequent inability to 
understand the problems." She came to this conclusion after she conducted 
an experiment lasting five weeks with pupils of the sixth grade. During 
this time she especially encouraged the asking of questions within the 
group to clarify the problems being undertaken. At the end of the period 
a test on the Stone Test showed a decided improvement in the aritrunetic 
responses. In fact, pupils who were below normal in aritr®etic at the 
beginning of the period advanced to above the standard. The blame is 
placed for the condition of poor reading on the teachers and on the temt-
4. Estaline ·wilson. "Improving the Ability to Read Aritr..metic Problems." 
Elementary School Journal 22:3ocr86, January, 1922. 
~--------------------~ 
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books for it is her opinion that the problems as stated to the pupils are 
devoid of details which should wAke thma vivid. As a result, pupils do not 
feel responsible for remembering any of the "reading" facts of the problem. 
5 Newcomb claims that psychological experimentation shows that wrong 
methods of attack are responsible for many of the difficulties encountered 
by pupils in the solving of arithmetic problems. He advises pupils to 
acquire the following habits to increase both rapidity and accuracy: 
"reading problems over carefully and thoughtfully before attempting a 
solution, looking up the meaning of any unfamiliar word, analyzing and 
arranging in an orderly manner the data given, determining the precise data 
required, selecting in the proper order the various processes necessary to 
effect a solution, deciding beforehand a reasonable result to expect, and 
ce.refully checking or evaluating the final result secured." 
6 
Knight states that in a three-minute test of four examples in 
five-place addition, all of which were done incorrectly by members of the 
fifth-grade class in the University Elementary School at Iowa City, Iowa, 
every mistake was one of carrying. This shows very plainly the extreme 
weakness of this habit and the need for special drill on it by the whole 
class. 
7 
Banting reported a most comprehensive study of the elimination of 
difficulties in reasoning. This work was carried on in the grades below 
5. R.S. Newcomb. "Teaching Pupils how to Solve iroblams in Arithmetic." 
Element art School Journal 23:183-89',t November, 1922. 
6. F.B. Knig t. "A Note on Arithmetic." Journal of Educational Research 
7:82, January, 1923. --
7. G.O. Banting. "The Elimination of Difficulties in Reasoning." Second 
Yearbook. Washington,D.C.: National Education Association, Department of 
Elementary School Principals, 1923. p.4ll-2l. 
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the Junior High School in the Tfaukesha Public Schools in 1922-23. Monroe's 
and Buckingham's Reasoning Tests were administered to the classes at the 
beginning of the study. The results obtained were weighed, the daily work 
of the pupils was observed, and each pupil was questioned regarding his 
difficulties. A sumnary of the chief causes of failure is as follows: 
1. Failure to comprehend the problem in whole or in part which 
might be due to lack of general ability in silent reading, lack of knowledge 
of technical terms used, carelessness in reading or lack of necessary 
experience to reproduce mentally the concrete situation of the problem. 
2. Lack of ability to perform accurately and readily the funda.rn.ental 
operation. 
3. Lack of knowledge of facts essential to the solution of a problem. 
4. Lack of ability to identify the proper process or processes with 
the situations indicated in the problem. 
5. Lack of sufficient interest in the problem to inspire the required 
mental effort. 
6. Failure to form the habit of verifying the results. 
7. The habit of focusing the attention upon numbers and being guided 
by them instead of by the condition of the problem. 
8. Pupils are sometimes completely nonplussed by large numbers. 
9. The habit of being guided by some verbal sign instead of by making 
an analysis of the problem. 
10. Lack of ability or care to arrange properly the written work in 
orderly, logical form. 
~----------------------------------~ 
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11. The failure to recognize the mathematical similarity to type 
problems which the pupils understand because of some unusual situation in 
the problem in question. For example, the pupil who readily solved 
problems involving the purchase and sale of familiar things, failed when 
given a problem dealing with the purchase and sale of a far.m. 
12. lack of ability to understand quantitative relations such as: 
(a) cost, loss or gain, selling price, (b) income, expenditures, and 
amount saved, etc. 
13. The pupil 1uay fail because the problem requires exertion beyond 
his span of attention. 
14. The pupil may fail because of absolute inability to do reflective 
thinking. 
8 
Roling, Blume, and I.~orehart reported the following specific causes 
of failure in solving arithmetical problems: 
1. Physical and mental defects. 
2. Inability to read, due to a lack of knowledge of the meanings of 
words, attention being placed on word-recognition rather than on content, 
or lack of concentration due to a motor anxiety. 
3. Lack of variety of good problems. 
4. Lack of method for attacking problems, often due to the fact that 
pupils cannot see relations. 
5. Lack of ability in fundamentals. 
6. Poor teaching. 
8. Pearl Roling, Clara L. Blume, and Mary s. Morehart. "Specific Causes of 
Failures in Arithmetic Problems." Educational Research Bulletin, Ohio 
State Universit 3:271-72 October~ 19 
~------------------~ 
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Roling and her co-authors say: "the fact that there are so many 
causes of failure in arithmetic problems emphasizes the importance of 
deliberate study of individual differences before remedial instruction is 
applied." 
9 
Osburn reported an experiment in the classification of errors based 
upon the pro blams of the Buckingham Problem rest, Form 1. A total of 
30,000 errors made by 6,000 children in one large city and 18 counties were 
tabulated. The causes of the errors were noted as follows: 
Tabla II 
Classification of Errors Made on Problems of 
Buckingham Problem Test 
Causes of Failure Per Cent 
1. Total failure to comprehend the problem ••••••••••••••••••••• 30 
2. Procedure partly correct, but with the omission of 
one or two essential elements ••••••••••••••••••••••••••••••• 20 
3. Failure to respond to fundamental quantitative 
relations ••••••••••••••••••••••••••••••••••••••••••••••••••• 10 
60% 
4. Errors in tun~ental processes ••••••••••••••••••••••••••••• 20 
5. Miscellaneous errors •••••••••••••••••••••••••••••••••••••••• 2 
6. Errors whose causes could not be discovered • •••••••••••••••• 18 
Total ••••••••••• 100% 
The subtotal 60% shows that that portion of the wrong answers is due 
1. Worth J. Osburn. Corrective Arithmetic. New York: Houghton Mifflin 
Company, 1924, p.38-39. 
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to failure in the beginning to understand wlll t must be done in order to 
attack the problem in an orderly fashion. 
Osburn also summarized the needs of the pupils in fundamentals as 
followsz 
"1. Trouble with zero combinations in each of the four processes. 
2. Failure to deal with number facts when presented in the equation 
form. 
3. Difficulty in column (higher-decade) addition. 
4. Trouble in subtraction when a digit in the subtrahend is greater 
than the digit just above it in the minuend. 
5. Interference between what is required and what is already known 
(harmful transfer). 
6. Ignorance of the combinations in all of the processes. 
7. Estimating the quotient in long division. 
8. Carrying in addition. 
9. Carrying in multiplication. 
lO.Borrowing. 
ll.Copyin.g. 
l2.Bringing down in long division. 
l3.Failure to complete the exercise even when the ttme is sufficient." 
10 . 
Stevenson stated that in a recent study whicb he made with the 
cooperation of 32 elementary-school teachers the majority of children have 
difficulty with arithmetic problans. He reported that they found the 
10. P.~. Stevenson. "Difficulties in Problem Solving" Journal of Educational 
ResearCh 11:95, February, 1925. --
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following important causes of failure: ·"(1) Physical defects, (2) lack ot 
mental ability, (3) lack of skill in fundamentals, (4) inability to read, 
(5) lack of general and technical vocabulary, and (6) lack ot proper 
methods or technique tor attacking problems." 
A research reported in the State Department of Education of Maryland 
Bulletin "A Year's Supervision ot Elementary Instruction ih Caroline 
ll 
County, 1923-24" and reviewed by the Editors ot the "Elementary School 
Journal" includes the findings regarding the causes of the errors in 
arithmetic-problem solving. 
"One of the main objectives was to improve instruction in arithmetic. 
The pupils in the schools ot the county were tested. The teachers were 
then encouraged to study the returns from the tests tor the purpose ot 
discovering what remedial measures were necessary." 
A summary ot the analyses made in the investigation may be seen in 
the following table taken from the ~lementary School Journal:" 
Table III 
Chief Arithmetic Errors 
and Their Frequenoy 
1. Superficial reading - modifying conditions of problem 
Per Cent 
not noted carefully ••••••••••••••••••••••••••••••••••••••••••••• 51 
2. Incorrect reasoning ot problem •••••••••••••••••••••••••••••••••• 14 
3. Inaccuracies in processes, especially in addition and 
multiplication •••••••••••••••••••••••••••••••••••••••••••••••••• 12 
11 u • • Educational News and Editorial Comment. Elementary School Journal 
25a484, March, 1925. '" 
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Table III 
(continued) 
Per Cent 
4. Omission of problems - apparent lack of comprehension 
or ineffective attempts ••••••••••••••••••••••••••••••••••••••• 8 
5. Careless recording of answers (failure to reduce 
fractions, failure to include decimal point, etc.) •••••••••••• 4 
6. Lack of knowledge of everyday facts (table of measure,etc.).... 3 
7. ~ssion of final zero in quotient •••••••••••••••••••••••••••• 2 
8. Other errors •••••••••••••••••••••••••••••••••••••••••••••••••• 6 
TOtal •••••••••••••• 100 % 
12 
Morton reported his experiment which he conducted with 14 classes 
to ascertain the causes of their mistakes in arithmetic. In this group 
were tour fifth-grade classes, four sixth-grade, three seventp-grade, and 
three eighth-grade. The test was composed of 32 problems arranged in 
order of their difficulty as determined by previous testing. Morton noted 
the following eight classes of errors: (l) Procedure wholly wrong or 
entirely inadequate, (2) procedure partly wrong, (3) inadequate knowledge 
ot the process, (4) procedure correct as far as carried out, but incomplete, 
(5) errors in computation, (6) errors in copying figures or in transcribing 
words into figures, ( 7) lack of knowledge of the facts, and ( 8) unknown. 
Tables IV and V show Morton's two tabulations of the errors that 
occurred in 117 papers examined. Thirty-five papers were fram the fifth 
grade, 23 f'rom. the sixth grade, 36 from the seventh grade, and 24 were 
from the eighth grade. 
12. Solution of Arithmetic Frob-
State University 4:155-581 
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Grade 
v 
VI 
VII 
VIII 
Total 
Grade 
v 
VI 
VII 
VIII 
Total 
Table IV 
A Classification of Errors 
Classes of Errors 
l 2 3 4 5 6 
347 47 19 24 37 22 
186 17 29 12 53 16 
114 24 ll 22 52 13 
44 16 ll 21 36 3 
691 104 70 79 178 56 
Table V 
The Errors Classified and the Frequencies 
Converted into Per Cents 
l 2 3 4 5 6 
69.5 9.4 3.8 4.8 7.4 4.4 
57.2 5.2 8.9 3.7 16.3 5.5 
47.5 10.0 4.6 9.2 21.7 5.4 
33.3 12.1 8.3 l.5i.9 27.3 2.3 
57.8 8.7 5.9 6.6 14.9 4.7 
7 8 Total 
0 3 499 
3 7 325 
2 2 240 
l 0 132 
6 12 1.196 
7 8 Total 
o.o o.s 99.9 
0.9 2.2 99.9 
o.s o.a 100.0 
o.8 o.o 100.0 
o.s 1.0 100.1 
r-______ ---1 
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Martin made an analysis of the problems in the Buckingham Scale for 
problems in Arithmetic and Stanford Reasoning Tests which had been worked 
incorrectly by a group of fifty-six pupils who were markedly deficient in 
problem solving. He analyzed and classified 1.114 mistakes. Two hundred 
and seventy-three of them were made by .fourth-grade pupils • 206 by fifth-
grade pupils, and 535 by sixth-grade pupils. 
Failure to comprehend the problem in whole or in part was the cause of 
the greatest number o.f difficulties in the fourth and .fifth grades. 
Carelessness in reading was the cause of the greatest number of difficulties 
in the sixth grade. 
The cause which ranked second in responsibility for the number of 
difficulties in the fourth grade was contusion of processes; in the fifth 
grade, carelessness in reading; in the sixth grade, failure to comprehend 
the problem in whole or in part. 
Lack o.f sufficient interest was a greater cause of difficulty in the 
sixth grade than in either the fourth or fifth grades. It was the cause 
of 4.5 per cent of the difficulties of the sixth grade but only 1.1 per 
cent of the difficulties of the fourth grade and 1.9 per oent of the 
difficulties of the fifth grade. 
Table VI, adapted .from Martin, summarizes the causes of the 
difficulties and their percentages in each grade. 
13. Charles R. Martin. An Analysis of the Difficulties in Arithmetical 
Re s nin of Fourth-;-"Fiorth, andSiith Gra<!,! Pupils as Interpreted~ 
Tests. UnpublishealMaster's~esis, University of Minnesota, 
po is, Minnesota. 1927. 
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Table VI 
A Classification of Errors and the 
Percentages in Each Grade 
Cause of Difficulty 4th Gr. 5th Gr. 6th Gr. 
1. Failure to comprehend 
in whole or in part •••••• "30.3% 30.1 % 20.0 % 
2. Carelessness in reading ••• 9.5 17.0 20.4 
3. Inability in the use of 
fundamentals •••• ~••••••••• 13.2 14.1 18.3 
4. Contusion of processes •••• 24.4 12.1 11.8 
5. Lack of knowledge of 
facts essential to 
solution of problem •••••• 4.0 2.4 5.8 
6. Inability in the use of 
decimals ••••••••••••••••• o.o 2.9 7.3 
7. Carelessness in arranging 
problems ••••••••••••••••• 0.7 6.8 2.8 
a. Lack of sutfi cient 
interest ••••••••••••••••• 1.1 1.9 4.5 
9. Inability in the use of 
fractions •••••••••••••••• 3.7 4.4 2.2 
lO.Ignorance of quantitative 
relations •••••••••••••••• o.o 3.4 3.4 
ll.Could not analyze •••••••• 13.1 3.9 3.5 
Totals 
24.8 % 
16.8 
16.3 
15.3 
4.6 
4.4 
3.1 
3.1 
2.9 
2.5 
6.2 
21 
14 . 
Benz reported his experiment which he carried on with a sixth-grade 
class in drill work. At the conclusion of 16 drills he summ.arized the 
results to determine the point of breakdown. 
Table VII 
A Classification of Errors of Drills 
Number of Problems Number Worked 
Process Oocuring in Drills Incorrectly 
Addition 18 0 
Subtraction 16 0 
Multiplication 26 1 
Division 31 5 
Addition of fractions 25 5 
Subtraction of fractions 23 2. 
Multiplication of fractions 27 11 
Division of fractions 23 2 
Addition of decimals 12 0 
Subtraction of decimals 18 1 
Multiplication of decimals 24 8 
Division of dec:::iiilals 16 4 
Addition of denominate numbers 2 0 
Subtraction of denominate numbers 4 2 
Multiplication of denominate numbers 5 2 
of denominate numbers 4 1 
, 
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The preceding table, adapted from Bens, indicates the different types 
o£ problems used in the drills, the number of each type used, and the 
number missed by the pupils. 
Multiplication of fractions was the greatest source of error. 
Multiplication of decimals ranked second as a source of error. Addition, 
subtraction, or addition of decimals caused no errors. 
15 
Brueckner prepared a classification of 8,785 arithmetical errors 
of pupils in their work in decimals. Two thousand, one hundred and 
seventy-five errors were due to difficulties in reading, writing, and con-
verting decimals; 580 were due to difficulties in addition; 465 were due 
to difficulties in subtraction; 1,814 were due to difficulties in multipli-
cation; and 3,751 were due to difficulties in division. 
A summary of Brueckner's conclusions regarding the causes of the 
pupils' errors is as followst 
1. Many pupils did not have adequate concepts of the numerical value 
of decimals. 
2. Many errors were due to the misspelling of the decimals written 
in word form; for example, "hundreds" for "hundredths." 
3. Failure to place the decimal point correctly was the greatest 
source of error in addition. 
4. The number of errors in addition due to inaccuracy was about 
one-half as great as the number of errors due to the misplacing of the 
decimal point. 
15. Leo J. Brueckner. "Analysis of Dif'f'icul ties in Decimals." Elementary 
School Journal 29:32-41, September, 1928. 
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5. The greatest number of difficulties which occurred in subtraction 
were in borrowing and in the placement of the decimal number in the subtra-
bend. There were few errors due to inaccuracy. 
6. The major difficulty in the multiplication of decimals was the 
misplacing of the decimal point or its complete omission. 
7. There were many errors due to inaccuracy in multiplication. 
a. The major causes of errors in division were the misplacing of the 
decimal point, faulty placement of zeros, omission of the decimal point, 
and inaccuracy. 
16 
Osburn, in connection with his research in the field of arithmetic, 
classified the causes of reading difficulties of pupils as follows: 
(1) Vocabulary troubles, (2) Failure to read all of the problan, (3) Con-
fusion caused by preconceived ideas, and ( 4) Reading between the lines or 
failure to profit by indirect transfer. 
17 
Brueckner summarized the chief causes of difficulties in problan 
solving from the investigations of Lutes, Wilson, Newcomb, Stevenson, 
Washburne, and others as follows: 
"1. Lack of ability to perfo~ the necessary computations accurately 
or to select the operations needed. 
2. Lack of systematic method of attack in solving a problem. 
3. Careless reading or lack of vocabulary. 
4. Lack of knowledge of essential facts, data, or principles involved 
5. Failure to complete the problem. 
16. Worth J.Osburn. Correcti'V:e Arithmetic, II. New York: Houghton Mifflin l. _L ____ c_om_~ __y_, __ l-92_9_,_P_·_3_1_-3_4_. ______________________________________ ~ 
r-_, -------. 
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6. Failure to comprehend the problem in whole or in part." 
B. Studies Using High-School Pupils as the Subjects 
18 
Osburn, after examining the errors made by high-school pupils in 
the solving of algebra problems, states that the following are the oauses 
of the errors: 
1. Vocabularies are deficient. 
2. There is a lack ot knowledge ot the meanings of symbols. 
3. Training in silent reading is needed so that pupils may see and 
use all data in the problems. 
4. Pupils lack training in the use of inverse relations. 
5. Training to prevent har.mtul transfer is needed. 
6. Pupils naed drill in horizontal addition and subtraction. 
7. Ability to read between the lines should be cultivated. 
a. Many pupils seem "lost" when they meet conditions which seem 
contradictory, such as negative numbers. 
9. Pupils lack the pawer to generalize. 
lO.Pupils need training in the use ot proportion. 
19 Table VIII is Georges' classification ot 218 oases of difficulty 
in reading mathematics. His work was with 40 pupils of the first year 
Junior High School of the University High School, University of Chicago. 
17. Leo J. Brueckner. Diagnostic and Remedial Teac~ in Arithmetic. 
Philadelphia: John C. Winston ""'COmpany, 1930. P• a.-
18. Wort;h J. Osburn. "Ten Reasons Why Pupils Fail in Mathematics." 
Mathematics Teacher la:234-3a, April, 1925. 
19. J.S. Georges. *NatUre of Difficulties Encountered in Reading 
Mathematics.• School Review 37:211-26, March, 1929. 
Table VIII 
Classification of Reading Difficulties 
Type of Difficulty Number 
1. Difficulty in understanding and 
interpreting a statement: 
a. Mathematical vocabulary 
b. Mathematical Symbolism 
51 
30 
Total •••• 81 
2. Inability to interpret author's illustrative 
material beoause of a laok of mathematical 
apperceptive mass: 
a. Mathematical processes 22 
b. Mathematical relationships 24 
Total •••• 46 
3. Difficulties due to a lack of 
intensity in reading: 
a. Inability to read textual material 
well enough to assimilate readily 12 
b. Inability to grasp full meaning of 
a statement, missing the point 16 
Total •••• 28 
4. Difficulties arising from inability to 
analyze: 
a. Failure to select parts necessary 
to solution of exercise 6 
b. Inability to associate textual 
explanations with geometric figures 17 
Total •••• 23 
s. Difficulties due to a lack of preciseness 
in reading: 
a. Omissions of parts of statement 8 
b. Inaccurate reading of familiar phrases 7 
c. Solving for quantities other than 
those called for in exercise 4 
d. Failure to look up references mentioned 
in the stateme!rl; 2 
25 
Per Cent 
10.1 
11.0 
21.1 
5.5 
7.3 
12.8 
2.8 
7.8 
10.6 
3.7 
3.2 
1.8 
0.9 
~--------------------------------------------------------26--, 
Type of Difficulty 
Table VIII 
(continued) 
e. Incomplete solution due to 
careless reading 
6. Difficulties arising fro. manner in 
Which exercise is stated: 
a. 'Exercise containing more than 
one problem 
b. Statements involving unexplained 
abbreviations 
c. Geometric figures not containing 
desired data 
d. Meaning not clear 
Number 
2 
-Total •••• 23 
5 
9 
2 
1 
Total •••• 17 
218 
c. Studies Using College Students as the Subjects 
20 
Per Cent 
0.9 
10.5 
2.3 
4.1 
0.9 
0.5 
7.8 
lGO.l 
Baldwin published his work in which he ascertained "how much the 
average student retains after leaving high school and spending from one to 
four years in college." 
The author administered the Series A of the Courtis Tests to 54 
students. He used this as a check on the results of the Series B which 
he had given to a group of 164 students at the close of the school year 
1914. 
"The Series A includes eight tests as follaws: {1) Addition of two 
figures for speed; (2) subtraction of one-column examples for speed; 
{3) multiplication of one-column examples for speed; (4) division of one or 
two numbers for speed; (5) copying figures for speed and accuracy; (6) a 
20. Birt T. Baldwin. "The Application of the Courtis Tests in Arithmetic' to 
College Students." School~ Society 1•569-76. April 17, 1915. 
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speed reasoning test in which only the name of the operation used in the 
problem is recorded; (7) a test on all fUndamentals for speed and accuracy; 
and (8) a test on reasoning for speed and aoouraoy. These tests were 
relatively easy, and adapted to the capacities of children from the fourth 
to the eighth grades •••• The range of distribution is large, varying 
from a record slightly below that of an average sixth-grade child to the 
student who reached the maximum in five of the eight tests within the time 
limit. The average for the college students is tenth-grade or above, the 
tenth-grade nor.m being an approximate one.n 
Series B. consists of more difficult problems in the four fundamentals 
than are found in Series A. The lower limits are designed for older pupils; 
the upper limits have a wider range. Consequently it is more suitable for 
use with college students. 
Baldwin's report compares the relative speed and accuracy in the 
four fundamentals according to the four classifications of students: 
(1) The subjects in which they were majoring; (2) their college classes; 
(3) the influence of age; and (4) sex differences. 
Thirty-seven students were majoring in ancient and modern languages; 
ill students were majoring in economics and history; 37 students were 
majoring in engineering; 31 students were majoring in English and public 
speaking; and 28 students were majoring in science and mathematics. 
The group included 19 freshmen, 61 sophomores, 30 juniors, and 
54 seniors. 
There were 68 men and 98 women in the classes that took the test. 
rr-· ----------------------~28 
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The data show that the English and public speaking group and the 
economics and history group rank below the others in both speed and 
accuracy. The ancient and modern language group and the mathematics and 
science group are rapid in their calculations, but are not accurate in 
simple arithmetic processes. 
The freshman group stands highest in number of attempts in addition 
and subtraction and the sophomores stand highest in number of attempts in 
multiplication and division. The juniors stand lowest in attempts in 
addition, subtraction, and division. The seniors stand lowest in attempts 
in multiplication. 
The juniors have the fewest "rights" in addition, subtraction, and 
division. The freshmen have the fewest "rights" in multiplication. The 
sophomores have the highest number of "rights" in addition, multiplication. 
and division. The freshmen have the highest number of "rights• in sub-
traction. 
The data, when arranged according to the sex of the students, show 
that the 68 men scored above the 98 women in all of the individual processes 
eight per cent in attempts and 16 per cent in "rights," indicating that the 
men surpass the women in both speed and accuracy. 
Baldwin found that there was a fairly high correlation between the 
"rights" and the attempts for both men and women, indicating that the more 
accurate students were also the faster. 
Table IX, adapted from Baldwin, shows the median attempts and "rights" 
of the groups that took the test. 
Table IX 
Median Scores of Attanpts and Rights of 164 Students on 
Series B of the Courtis Tests 
29 
ADDITION SUB'l'RACTION MULTIPLICATION DIVISION 
Group Att. Rt. Att. Rt. Att. Rt. Att. Rt. 
.A:m.. &: Mod. Lang. 13.3 8.9 17. 12.6 13.6 9.8 14.7 13.2 
Econ. &: History 11.7 918 14.2 u.s 12.7 e. 13. 10. 
Engineers 13. 10. 16.7 14.6 13.6 10. 14. 13.'1 
Eng. &: Pub.Sp. 11.8 7.6 12.6 10. 11. 8.3 12. 9.'1 
Science & Math. 14. 9.7 15.8 13."1 14.3 9. 14. 14. 
Freshmen 15 9.8 19. 15.5 12.6 "1.3 13.3 11. 
Sophomores 13.3 9.8 16.3 13.4 13.7 10.2 14.5 14.3 
Juniors 11.5 9. 13.4 11.3 13.2 8.6 12.6 10.6 
Seniors 12. 9. 14.8 12.6 12.2 8.9 13. 12. 
Women 11.8 8.3 14.4 11.3 12.8 s.8 13. 11. 
Men 13.'7 10.3 16.4 14.1 13. 9.2 13.9 13.3 
Lower Classmen 14.2 9.8 rr • ., 14.6 13.2 8.8 13.9 12."1 
Upper Classmen 11.8 9. 14.1 12. 12.7 e.8 12.8 11. 
21 
Morton reported the results o£ an experiment which he undertook to 
determine the skills of prospective teachers of arithmetic. He administered 
the Courtis Arithmetic tests to 104 freshmen women in college who were 
enrolled in his class "Teaching Arithmetic in the First Six Grades.• The 
scores which the women obtained were compared with the standards that are 
set up for attainment by eighth-grade pupils. The author stated that he 
used these as his standards for comparison because he had "frequently asked 
school men what they thought should be the minimum degree of skill required 
21. R.L. Morton. "The Arithmetic Skills of Prospective Teachers." Journal of 
Educational Research 7:268-69. Maroh~ 1923. 
rr 
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of prospective teachers in the four fundamental operations with integers. 
No one has been found but would require eighth-grade median performance or 
better in each operation." 
Results show that most of his students failed to meet the minimum 
standards which had been set for them. The median accuracy standards for 
eighth-grade pupils expressed in percentages are& Addition, 76; 
Subtraction, 87J MUltiplication, 81; and Division, 91. The median 
accuracy percentages attained by the members of MOrton's class are& 
Addition, 65; Subtraction, 83; Multiplication, 72; and Division, 85. 
The class as a whole failed to meet the eighth-grade standards in all four 
fundamental operations. 
Only 28 of the 104 studehts attained the addition rate standard. 
Of these 28, only nine attained the addition accuracy standard. Ot these 
nine, only eight, attained the subtraction rate standard. Of these eight, 
only three attained the subtraction accuracy standard. These three also 
attained the multiplication rate standard, but only one attained the 
multiplication accuracy standard. 
Thus, it the attainment ot the eighth-grade standards were required 
for teachers ot arithmetic, all but one of the 104 students ~uld be 
eliminated. 
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Guiler reported a study that is closely related to the work done by 
Morton. The author stated: "The purpose of the study ••• was to discover 
the nature and extent ot computational errors which teachers ot arithmetic 
make in solving examples ot types frequently found in lite situations. It 
22. Walter Scriber Guiler, "Computational Errorw Made by Teachers ot Ari~-
metic." Elementa School Journal 33:51-58 Set 193 ' 
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make in solving examples of types frequently found in life situations. It 
seems conceivable that many of the learning difficulties exhibited by pupils 
might be readily overcome if the teachers themselves were expert in the 
abilities which are the implied outcomes of the subjects taught.• 
He administered the Guiler-Christofferson Diagnostic Survey Test in 
Computational Arithmetic to 37 students during the first term of the 
summer school at Miami University in 1930. The test covers five phases of 
computation: (1) Whole numbers, {2) fractions, (3) decimals, (4) practical 
measurements, and (5) percentage. Each part of the test includes five 
abilities. Each ability is measured by two examples and each example has 
the value of one point. The highest possible score that is attainable is 
50. 
Of the 37 students who took the test, 22 had taught arithmetic in the 
public schools of Ohio during the regular school year that had just closed. 
All of this group were high-school graduates and had had one or more years 
of professional training. Guiler was particularly interested in the data 
obtained tram their papers. Following is a tabulation of their scores as 
arranged by Guiler and a table of the grade-standards for the test& 
Soore 
56 
49 
47 
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Table X 
Distribution of Twenty-Two Teachers According to Scores on the 
Guiler-Christofferson t[agnostic Survey Test in 
Computational Arithmetic 
Number of Teachers Score Number of Teachers 
1 35 2 
1 34 1 
2 31 1 
1 28 2 
Table X 
(continued) 
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Score NUmber of Teachers Score Number of Teachers 
44 1 25 1 
43 1 23 l 
42 1 22 1 
41 1 20 1 
40 1 13 1 
38 1 Mean Score •••••••••••••• 
Median Score •••••••••••• 
Table XI 
Grade Standards for the Guiler-Christofferson Diagnostic 
Survey Test in Computational Arithmetic 
College Sophomore 37.5 
College Freshman 26.4 
Grade XII 25 
Grade XI 24.7 
Grade X 23.8 
Grade IX 
Grade VIII 
Grade VII 
Grade VI 
Grade V 
23.5 
22.5 
19.1 
16.9 
15.3 
35.5 
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Guiler pointed out several facts which he observed in the results 
of the test. The median score for the 22 teachers was below the standard 
median for college sophomores. The highest score was almost four ttmes as 
large as the lowest one. One teacher made a perfect score and one-half of 
them reached or exceeded the median standard for college sophomores. 
Several of the teachers showed marked weakness 1n computation. The median 
standard for college freshmen was not attained by five of the teachers; 
rr 
f 
; 
l 
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the median standard for the ninth grade was not attained by four of them; 
one teacher's score was less than the standard for the fifth grade. 
The average percentage of incorrect answers on all of the examples 
presented was 33.8; the range was from 0 to 68. Many of the examples were 
solved incorrectly by a majority of the teachers. For example. one problem 
was missed by more than two-thirds of the teachers. Considering the 
.fundamental operations • it was found that more wrong ansvters occurred in 
problems i:av-olving subtraction and division than in those involving 
addition and multiplication. Considering the five phases o.f computation. 
problems dealing with practical measurements had the largest number of 
incorrect ansvters and the problems dealing with decimals had the smallest 
number o.f incorrect answers. 
The problem in whole numbers that was missed most frequently was one 
which involved long division; the problem that was missed most often in 
fractions and mixed numbers involved subtraction. The chief difficulty in 
solving the problems involving deci:uals was the placing o.f the decimal 
point. This occurred in a problem involving division. Division o.f denom-
inate numbers caused the most errors in practical measurem.ents. The most 
difficult problem. in percentage involved the finding a number when a 
percentage of the number is known. 
r'f 34 
D. Study Using Adults as the Subjects 
23 
Kolstadt made a comparison of the arithmetic ability of men in the 
army with that of children in grammar school. In order to set up a 
standard for it he administered the Alpha Group Examination to 632 school 
children from Grade III to Grade VIII-A, inclusive. When he scored the 
returns he ·found that Grade III had so many scores of zero and one that he 
decided the problems were too difficult for them, so he discarded all of 
the papers written by members of that grade. Then he set up standards for 
each of the other half-grades so that he would have a basis for comparison 
of the scores which he was to obtain later from the ar.my group. 
An examination of 6,000 enlisted men showed them to have an average 
arithmetic ability of seventh-grade pupils. 
He then conducted the test with 417 officers as the subjects. They 
were listed in 18 classifications according to their pre-war occupations. 
Following are Kolstadt' s two charts which show his results. Table XII 
indicates the scores of the school children; Table XIII shows the scores of 
the officers. The latter table is Kolstadt's except that the scores of 
the group consisting of chemists and pharmacists has been especially 
marked to show their placement in the whole group. 
23. Arthur Kolstadt. "Arithmetic Ability of Men in the Army and of Children 
in the Public Schools." Journal of Educational Research 5t97-lll, 
February, 1922 
,-
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Table XII 
Arithmetic Scores of 632 School Children 
Grade Arithmetic Scores Number of Cases Mean Median 
IV-B 3.8 4.25 37 
IV-A s.o 5.3 76 
V-B 5.5 s.s 44 
V-A 5.8 6.5 56 
VI-B 6.3 7.0 64 
VI-A 7.2 8.0 67 
VII-B 7.5 8.35 69 
VII-A 7.7 8.5 82 
VIII-B a.a 9~7 58 
VIII-A 9.3 9.8 79 
Table XIII 
Scores Made on Arithmetic Test by 417 Officers According 
to Pre-War Occupation 
No.Right No. Wrong Accuracy Number 
Mean Mean Per Cent in Group 
Real Estate and Insurance 14.9 1.6 90.3 8 
Business Manager 14.1 2.25 86.2 16 
Clergyman 13.7 1.2 91.9 12 
Clerk 13.7 2.0 87.2 13 
Engineer 13.5 1.6 89.4 27 
Salesman 13.5 2.1 86.6 16 
Lawyer 13.3 2.0 86.9 20 
Student - College 13.2 1.7 88.6 31 
Teacher 13.0 3.1 80.7 7 
Chemist and Pharmacist I2.§ 1.75 88.0 8 
Accountant 12.8 2.2 85.3 14 
Farmer 12.8 2.4 84.2 13 
Merchant 12.3 1.3 90.4 7 
Surgeon 12.1 1.4 89.6 8 
Physician 11.2 2.2 83.5 147 
Banking 11.1 1.5 88.1 8 
Soldier 10.8 2.3 82.4 37 
Dentist 10.1 2.1 82.7 25 
VIII-A Grade School 
Chi ldren 9.3 2.49 78.8 79 
CHAPTER III 
METHOD OF PROCEDURE 
When the topic tor this study was selected, to the best ot the 
author's knowledge nothing or a similar nature ever had been developed with 
students enrolled in a class in a,oollege or pharmacy as the subjects. In 
tact, most ot the available papers which report olassitioations or errors in 
arithmetic are based on work conducted in the first eight grades or school. 
Consequently, many or the classifications show the errors merely in the 
light or the fundamental operations which are not understood. 
Arithmetic or Pharmacy is taught to college students, so the 
classifications that are based simply on the tour fundamental operations 
are not sui table tor this one. It may be presumed that when students have 
satisfactorily passed both grammar-school and high-school work the,y have 
mastered the fundamental operations or arithmetic. But something is at 
tault tor there is general complaint regarding the quality of arithmetic 
work which is carried on by students in the various colleges or pharmacy 
throughout the United States. Decidedly, this is not a local problem. 
As stated in Chapter I, the problem or classifying the errors made in 
Phar.maceutical Arithmetic was considered a three-told one and the work 
which has been done upon it has been carried on with this thought in mind. 
First, problems were examined solely to find the errors present and their 
prevalence. Secondly, a diagnostic classification was improvised 
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as the errors were discovered so that all of than could be tabulated. 
Thirdly, the material 1Vhich is given in the subject during the semester in 
,.n.ich it is taught was divided into several parts. Tests covering these 
parts then were devised as it is thought that by means of them remedial work 
and preventive measures may be carried out. 
A. Collection of Prohlans 
The problems on which this classification of errors is based were 
obtained by using the papers which had been written by the members ot the 
sophomore class in three examinations in the subject during the first 
semester. These papers were graded in the usual manner, i.e., the mistakes 
were marked, the grades were placed upon the papers, and they were returned 
to the students. They were told to examine them and requested to return 
them so that this study might be carried on. They were informed that this 
work had nothing to do with the marks which they would receive at the end 
ot the semester. This request was fulfilled by many of the students, but 
some ot them were skeptical or forgetful or careless because all of them did 
not return their papers. Never-the-less, a total of 157 papers were 
obtained. Eighty-two represent the first examination, sixty represent the 
second , examination, and thirteen represent the third e.xamination. These 
papers furnished 1,570 separate problems for examination for errors. Two 
hundred and ninety-seven problema consisted of two parts each, so it the 
parts are considered as separate problems, which they might well be, a 
total of 1,867 problems were furnished tor the classification of errors. 
B. Location of Errors 
After the examination books had been received. the first portion of 
this study was carried out by carefully examining than to locate every 
arithmetical error. no matter how small it was. 
c. Classification of Errors 
As each error was met it was studied with this question in mind: 
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"Why did the student make this mistake?" When the answer to the question 
was determined. it was written as a class or a type of mistake whioh was 
given a number. This mmber was placed beside the mistake in the problem. 
It was thought that this development of diagnosis would assist in classifying 
the errors in the latter part ot the work. At the completion ot the 
examination of all of the mistakes the following classification was devised 
and all ot the errors were recorded in the 14 divisions ot it: 
1. Total failure to comprehend the problan. 
2. Procedure partly correct. but one or more fundamental elements 
incorrect. 
3. Ignorance of pharmaceutical quantitative relations such as weights 
and measures or "equivalents." 
4. Ignorance or carelessness in the use of the fundamental processes 
and in the placing of the decimal point. 
s. Carelessness in the reading ot the word-facts given 1n the problem 
and of what is desired in the answer. 
6. Procedure correct as far as carried out. but incomplete. 
1. Carelessness in recording of answer. 
8. Incorrect labeling. 
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9. Incorrect reading of figures in problem. either on the examination-
question page or on the examination-book page where it had been written by 
the student. 
10. Unnecessary changes tc the metric systflll. 
11. lio attempt made to solve the problem. 
12. Misinterpretation of wording of the problem. 
13. Obtaining the incorrect answer because the correct solution of the 
second part of the problem depended upon the correct solution of the first 
part. 
14. Cause not deter.mined; no source given for the answer obtained. 
1. Description of Classes of Error. An explanation of the Classes of 
Error appearing on pages 38 and 39 is as follows: 
Class 1 was decided upon when a student wrote some of the facts that 
were given in the problem, but he did not do any correct developing of them. 
He was "lost" from the beginning. 
Class 2 was indicated when a student worked part of the problem 
correctly but some important part or parts incorrectly. For example, when 
he divided one number by another one at a certain place in the problem when 
he shouikd have multiplied thera. 
Class 3 is self-explanatory except the word "equivalents." This is 
met in the changing from one syst8Dl or weights or measures to another system. 
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For example, 1 Gm. is equivalent to 15.432 gr. Students are instructed to 
memorize several such "equivalents" which act as a ready basis for further 
calcula tiona. (A copy of the "Table of Equivalents" will be found in the 
next chapter.) 
Class 4 includes the words "ignorance" and "carelessness• tor who 
knows which it is that is responsible tor college students' errors in 
fundamentals? As previously stated, it may be considered not unfair to 
state that students in their second year of college should be expected to 
knoW the fundamental operations of arithmetic. But, it in the process of 
addition some student gets nine tor the sum of two and five, is he ignorant 
or careless? Hence the inclusion of both of the words in this class. 
Class 5 is selt-e~lanatory. 
Class 6 is self-explanatory. 
Class 7 may be demonstrated by an an~er given in thousands of oc. 
instead of liters and fractions thereof. 
Class 8 may be demonstrated by the use of a problem which has been 
worked perfectly to a certain place. There the student has incorrectly 
labeled a statement. For example, his sub-answer may bear the label dram 
when it should be ounce. .From that place in the problem the student has 
used dram tor his basis of work making his answer incorrect. 
Class 9 is self-explanatory. 
Class 10 may be illustrated by the following example: One fluid ounce 
contains eight fluid drachma, each of which is equivalent to one teaspoonful. 
A problem in dosage is given in the common system. The student converts the 
quanti ties to the metric system by which he knows that one fluid ounce is 
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is equivalent to 29.57 co. or, as a basis for ordinary calculations, 30 co. 
He than remembers that one teaspoonfUl is equivalent to four co. tor that is 
the approximate equivalent stated in the United States Pharmacopoeia. Then, 
in calculating the number of teaspoonfUls in each fluid ounce, the student 
divides 30 by tour and obtains 7.5 for his answer. If he had kept the whole 
proceedings in the common system he would have obtained eight for his answer. 
Class 11 is self-explanatory. 
Class 12 is composed of errors caused by students "reading into" a 
problaa a meaning which was not there and by lack of attention to oral 
directions which were given at the time of the examination. The word "each" 
was omitted in the typing of one problem on the examination stencil and the 
students ware given oral instructions to add it. 
Class 13 is composed of errors that occurred in problems that consist 
of two parts. The correct solution of the second part is basad on correct 
solution of the first part of the problem. 
Class 14 is oooaprised of errors for which no cause is apparent. 
2. Organisation of Tables. At the completion of the classification 
of the errors, tables of several types were prepared. 
First, a tabulation was prepared of the 1,171 errors that occurred 
in the failure to solve the problems of the three emminations. The errors 
are arranged according to the classes in which they were recorded. The 
classes are arranged according to the number of errors which they contain. 
The table shows also the per cent of the total number of errors that are 
recorded in each class. 
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A tabulation was made of the 716 errors that occurred in the failure 
to solve the problems of the first examination. The table shows the number 
of errors that are recorded in each class and the per cent of the total 
number that are in each class. Similar tabulations were prepared of the 403 
errors of the second examination ahd the 52 errors of the third examination. 
Tabulations were prepared of the number of errors that occured in the 
failure to solve each individual problem. The tables show the number of 
errors that are recorded in each class and the percent of the total number 
that are in each class. 
Second tabulations were prepared of the number of errors that occurred 
in the failure to solve the problems that consist of two parts. The number 
of errors are arranged in the classes in which they were recorded. The 
tabulations shaw these numbers and the per cent of the number of errors of 
the problem that are recorded in eaOh class and the per cent of the number 
of errors of each part that are recorded in each class. 
Another tabulation was prepared of the 716 errors that occured in 
the failure to solve the problaas of the first examination. In this one the 
number of errors are arranged according to the problems in which they 
occurred. The tabulation shows also the per cent of the total number of 
errors that occurred in the failure to solve each problem. Similar tables 
were prepared of the 403 errors of the second examination and of the 52 
errors of the third examination. 
D. Development of Remedial Work 
and Preventive Measures 
1. Division of Snow's "The Arithmetic of Pharmacy" into Units. 
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The next procedure of this study is aimed primarily to aid in remedial work 
and to furnish preventive measures. It was started by dividing the material 
in Snow• s "The Arithmetic of Pharmacy" into 11 sections which may be ealled 
units. They are as follOW's: (1) Fundamentals 2.!:_ Arithmetic; (2) Customalj£ 
Weights and Measures; (3) Common Fractions; (4) Metric Weights ~ Measures; 
(5) Alligation; (6) Dosage; (7) Specific Gravitl ~Specific VolumeJ 
(8) Thermometric Conversions; (9) Measurement ~ Gases; (10) Proportion~ 
Percentage; and (11) Volumetric Solutions, Alkalimetry and Acidimetry. 
2. Development of Tests Covering the Units. When the units were 
established, tests which cover the work included in each of them were 
written. One additional test, "Mixed Weights and Measures," was added. 
It was thought that such a test, following those on "Customary Weights and 
Measures," "Common Fractions," and "Metric Weights and Measures," would be 
a logical one to interweave the three systems. The problems that are 
contained in the tests are of such nature that each type ot material has been 
presented in as many different ways as possible. 
When the work that is contained in one of the units is completed by 
the class in Pharmaceutical Arithmetic, the test that was written tor that 
particular unit is to be administered to detect the weaknesses ot both the 
individual students and the elass as a Whole. Extra study then may be placed 
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upon those particulars not understood. 
CHAPTER IV 
FINDINGS AND RESULTS 
The data furnished by the errors that occurred in the failure to 
solve the problems of the three examinations in Pharmaceutical Arithmetic 
indicate several particulars that are worthy of notice. 
A. Predominance of Errors 
A great number of errors occurred. a greater number than most people 
who have not taught Pharmaceutical Arithmetic would expect to find in a 
group of papers that had been written by students enrolled in any college 
or university. 
The 11 171 errors that were discovered and classified average 0.76 per 
problem examined. Several of the problems consist of two parts each. If 
each part is considered as an individual problem. the average of the errors 
is 0.63 per problem. 
B. :More Im.port~t Causes of Errors 
Ignorance of pharmaceutical quantitative relations was the cause of 
the greatest number of errors that were examined. It was responsible for 
234 errors or 19.983 per cent of the total number that occurred. 
Ranking next to ignorance of pharmaoeutioal quantitative relations as 
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a cause of error was total failure to comprehend the problem. It was 
responsible for 176 errors or 15.038 per cent of the total number. 
Ranking third was ignorance or carelessness in the use of the tundamenta 
processes and in the placing ot the decimal point. This cause was responsi-
ble tor 163 errors or 13.919 per cent ot the total number that occurred. 
c. Comparison ot the Frequency of Errors 
in the Three Examinationa 
A comparatively higher percentage of failure occurred with regard to 
the problems ot the first examination than with regard to the problems of 
either ot the other two examinations. 
The first examination yielded 716 errors tor the 820 problems that were 
examined or an average of 0.87 error per problem. It each part ot those 
problems that consist of two parts is considered as an individual problem, 
the average is 0.74 per problem. 
The second examination yielded 403 errors tor the 600 problems that 
were examined or an average of 0.67 error per problem. Again, it each part 
ot the problems that consist ot two parts is considered as an individual 
problem, the average is 0.56 error per problem. 
The third examination yielded 52 erroi"s for the 130 problems that were 
examined or an average ot 0.40 error per problem. It each part ot the 
problems that consist of two parts is considered as an individual problem, 
the average is 0.36 error per problem. 
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D. Comparative Frequency of Total Errors 
Table XIV shows the total number of errors that occurred in the failure 
to solve the problems of the three examinations. They are arranged in 
classes which are placed in the table in the order of the number of errors 
which compose them. The class that is composed of the greatest number is 
listed first. 
The table indicates that the greatest number of errors are tabulated 
in Class 3. These errors were caused by ignorance of pharmaceutical quanti-
tative relations and comprise 19.983 per cent of the total number. 
Ranking next in number of errors is Class 1. composed of errors that 
were caused by total failure to comprehend the problem. They represent 
15.038 per cent of the total number. 
The class that ranks third is composed of the errors that were caused 
by ignorance or carelessness in the use of the fundamental processes and in 
the placing of the decimal point. This is Class 4 and the errors that 
compose it constitute 13.919 per cent of the total number. 
The frequencies and distribution of the other errors may be seen in 
Table XIV. 
Class No. 
3 
1 
4 
'l 
2 
10 
5 
11 
9 
13 
E. Tables of Frequency of Errors 
1. Results of the Three Exam'netiona 
Table XIV 
Comparative Frequency of Pharmaceutical 
Arithmetic Errors in Fourteen Classes 
Class Designation 
Ignorance o:f pharmaceutical quantitative 
relations such as weights and measures 
or "equivalents" 
Total :failure to comprehend the problem 
Ignorance or carelessness in the use of 
the fundamental processes and in the 
placing o:f the decimal point 
Careless recording o:f answer 
Procedure partly correct, but one or more 
fundamental elements incorrect 
Unnecessary changes to the metric system 
Carelessness in reading o:f the word facts 
given in the problem and of what is 
desired in the answer 
Problems not attempted 
Incorrect reading of :figures in problem, 
either on the examination-question page 
or on the examination-book page 
Obtaining the incorrect answer because 
correct solution o:f the second part o:f 
problem depended upon correct solution 
ot :first part 
No.ot 
Errors 
234 
176 
163 
129 
111 
93 
88 
81 
35 
22 
Per Cent 
19.983 
15.038 
13.919 
11.016 
9.4'19 
'1.942 
'1.515 
6.91'1 
2.989 
1.8'19 
Table nv 
(continued) 
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Class No. Class Designation No.of Per Cent Errors 
14 Cause not deter.mined; no source given 
for the answer o bte.ined 16 1.366 
8 Incorrect labeling 9 0.768 
6 Procedure correct as far as carried out, 
but incomplete 8 0.683 
12 Misinterpretation of wording of problem 6 0.512 
Totals •• l,l71 100.006 
Further classifications of the errors were developed with reference 
to the three individual examinations considered separately and with reference 
to the individual problems. 1'he errors that occur in the problems that 
consist of parts •a" and "b" first have been classified as occurring in one 
problem. Classifications follow in which each part of the problem is 
considered as an individual problem and the relationship to the problem as 
a whole is shown. 
The tables from XV to LV inclusive shaw the above classifications. 
2. Results of the First Examination 
Table XV presents a tabulation of the frequency of errors that occurred 
in the failure to solve the 820 problema of the first examination. The 716 
errors that occurred are recorded in 14 classes. 
Class 3 contains the greatest number of errors. There are 176 of them 
and they constitute 24.570 per cent of the total number. They were caused 
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by ignorance ot pharmaceutical quantitative relations. 
Ranking seoond in number of errors is Class 1. One hundred and thirteen 
errors. 15.775 per cent of the total number. are recorded in this class. 
Ranking third in number of errors is Class 4. It contains 101 errors 
or 14.100 per cent of the total number. They were caused by ignorance or 
carelessness in the use of the fundamentals and in the placing of the 
decial point. 
The smallest number ot errors. three. are recorded in Class a. They 
were caused by incorrect labeling of some portion of a problem. 
A description of the various other classes of error which occurred may 
be seen on pages 38 and 39. 
Class 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
Table XV 
Class. Frequen~. and Percentage ot Errors 
in the First Examination 
Frequency 
113 
46 
176 
101 
49 
3 
98 
3 
21 
21 
55 
5 
17 
8 
Totals •••••• 716 
Percentage 
15.775 
6.422 
24.570 
14.100 
6.840 
0.419 
13.681 
0.419 
2.932 
2.932 
7.678 
0.698 
2.373 
1.117 
99.956 
Table XVI is a second classification of the frequena,r of errors that 
ware made by the students in their failure to solve the problED.s of the 
first examination. In this table the number of errors are arranged by 
problem Number and a brief description is given of the types of problems 
that occurred in the first examination. 
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More errors occurred in the failure to solve Problem T than any other 
problem of the examination. These errors, 117 in number, represent 16.333 
per cent of the total number. 
Rs.nking next is the number of errors that occurred in the failure to 
solve Problem 3. 'lhere are 113 of them and they represent 15.775 per cent 
of the total number. 
The smallest number of errors occurred in the failure to solve Problem 
1. There are 34 of them and they constitute 4.746 per cent of the total 
number. 
Table XVII shows the class, frequency, and percentage of errors that 
occurred in the failure to solve the first problem of the first examination. 
Twelve errors are recorded in Class 4. They represent 35.304 per cent 
of the total number. These errors were caused bw ignorance or carelessness 
in the use of the fundamental processes and in the placing of the decimal 
point. 
No errors are tabulated in seven classes. 
Problem 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9, 
10 
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Table XVI 
Frequency and Percentage of Errors of the First Examination 
Arranged by Problem Number 
Explanation of Kind Frequency Percentage 
of Problem of Ez:ror of Tgtal 
Addition and subtraction of fractions 34 4.746 
involving use of Avoirdupois System 
of weights 
Fraction involving change from Wine 68 9.493 
Measure to Apothecaries' System of 
weights 
Division involving Wine and Household 113 15.775 
Measures and Apothecaries' Systems of 
\Veights 
Addition and subtraction of denominate 86 12.006 
numbers in Wine Measure 
Divisiqn involving denominate numbers 70 9.772 
of Avoirdupois SystEm of weights 
"Profit or loss" involving change from 79 11.028 
Metric System of weights to Avoirdupois 
System of weights 
Changing fram liquid measure of Metric 117 16.333 
System to Wine Measure 
Changing from Wine Measure to House- 49 6.840 
hold Measure and involving Apothe-
caries' System of Weights 
Dilution of stock solution involving 58 8.097 
use of Wine and Household Measures and 
Apothecaries• System of weights 
"Pm:(';it or loss" involving fractions 42 5.863 
Totals •••••• 716 99.953 
ProblEilll 1. "A druggist bought 1/8 oz. of Dionin and dispensed on 
prescription the following: i gr., 1/12 gr., 5/6 gr., 3/4 gr., and 1/9 gr. 
HOW' many grains did he have left? 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XVII 
Olass, Frequenoy, and Peroentage of Errors of Problan 1 
of the First Examination 
Frequenoy Percentage 
2 5.884 
2 5.884 
8 23.536 
12 36.304 
3 8.826 
0 
2 5.884 
0 
-------
6 14.710 
e 
__ ., ___ 
0 
---·--
0 
-------
0 
------
0 
_____ .., 
Totals •••••••• 34 100.028 
Table XVIII shows the class, frequency, and percentage of the errors 
of the second problem of the first examination. 
It indicates that each of Classes 4 and 5 is composed of 17 errors. 
Together they constitute more than 50 per oent of the total number. 
All of the errors are recorded in eight classes. 
Table XIX shows the class, frequency, and percentage of the errors 
of the third problem of the first examination. 
The greatest number of errors, 30, are tabulated in Class 3. The 
next in number, 29, are tabulated in Class 7~ 
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This problem consisted of two parts. Hence the great number of errors 
which occurred. 
Table XX is a second tabulation of the frequency of errors of the 
third problem of the first examination. It shows also the errors tabulated 
according to the part of the problem in whioh they occurred. One hundred 
errors occurred in Part "a" and 13 occurred in Part "b". 
The greatest number of errors that occurred in the failure to solve 
Part "a" are tabulated in Class 7. They constitute 25.665 per oent of the 
total errors of the problem and 29 per cent of the errors of Part "a". 
The greatest number of errors that occurred in the failure to solve 
Part "b" are tabulated in Class 10. Th~ constitute 3.540 per oent of the 
total errors of the problem and 30.768 per cent of the errors of Part "b". 
Problem 2. "It you dissolve 24 grains of Iodine and 2 draohms of 
Potassium Iodide in 2 fl. oz. of water, the weight of the solids will be 
wnat fractional part of the entire weight of the solution?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XVIII 
Class, Frequency, and Percentage of Errors of Problem 2 ot 
the First Examination 
Frequeno1 Percentage 
5 7.355 
2 2.942 
10 14.710 
17 25.007 
17 25.007 
0 
14 20.594 
0 
1 1.471 
2 2.942 
0 
0 
0 
-----
0 
Totals ••••• 68 100.028 
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Problem. 3. 
"R/ Cod. Phosphate••••••••••••••••••• gr.iv 
Amm. Chloride ••••••••••••••••••• gr.iii 
Syr. Soillae ••••••••••••••••••••Fl.oz.i 
Syr. Pruni Virg., 
to make Fl.oz.iv 
56 
Directions: One teaspoonful four times a day. What is the amount of 
the first three ingredients in each dose and how long will the prescription 
last?" 
Class 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XIX 
Class, Frequency, and Percentage of Errors of Problem. 3 
of the First Examination 
Frequency Percentage 
17 15.045 
1 0.885 
30 26.550 
6 5.310 
7 6.196 
.o 
---.... 
29 25.666 
0 
1 0.885 
7 6.195 
5 4.425 
5 4.425 
1 0.885 
4 3.540 
Tota1s ••••• l13 100.005 
5'1 
Table :XX 
Class, Frequency, and Percentage of Errors of Problem 3 
of the First Examination Arranged by Parts "a" and "b" 
Class Part Frequency Percentage Percentage of Problem of Part 
1 "a" 15 13.075 15.000 
"b" 2 1.770 15.384 
2 "a" 1 0.885 1.000 
"b" 0 
3 "a" 21 23.895 27.000 
"b" 3 2.655 23.076 
4 "a" 6 5.310 s.ooo 
"b" 0 
---
5 "a" 6 5.310 6.000 
"b" 1 0.885 7.692 
6 "a" 0 
-----
"b" 0 
7 "a" 29 25.665 29.000 
"b" 0 
-----
8 "a" 0 
"b" 0 
9 "a" 1 0.885 1.000 
"b" 0 
10 
"•" 3 2.655 3.000 
"b" 4 3.540 30.768 
11 "a" 3 2.655 3.000 
"b" 2 1.770 15.384 
12 "a" 5 4.225 5.000 
"b" 0 
---.. --
13 "a" 1 o.aa5 1.000 
"b" 0 
------
14 "a" 3 2.655 3.000 
''b" 1 0.885 7.692 
Totals ~= .LY!:l ~.sos% " a" ~. IkJ2._2kX1 
- --·---
Table XXI is an arrangement by class, frequency, and percentage of 
the errors of the fourth problem of the first examination. 
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Of the 86 errors that are tabulated, 26 are in Class 3. They con-
stitute 30.212 per cent of the total number. They were caused by ignorance 
of pharmaceutical quantitative relations. 
Twenty-four errors, or 27.888 per cent of the total number, are 
tabulated in Class 7. These errors were caused by carelessness in recording 
of the answer. 
Table XXII is an arrangement by ~lass, frequency, and percentage of 
the errors of the fi:f't;h problem. 
All of the errors are tabulated in seven classes. 
The greatest number, 24, occur in Class 7. They comprise 34.272 per 
cent of the total number. They were caused by carelessness in the recording 
of the answer. 
Nineteen errors are tabulated in Class 4. They constitute 27.132 per 
cent of the total number. These errors were caused by ignorance or care-
lessness in the use of the fundamental processes and in the placing of the 
decimal point. 
Table XXIII is an arrangement by class, frequency, and percentage of 
the errors of the sixth problem. of the .first examination. 
The greatest number of errors, 27, are tabulated in Class 3. Th~ 
constitute 34.182 per cent of' the total number and were caused by ignorance 
of pharmaceutical quantitative relations. 
Problem 4. "Subtract 2 qts., 1 pt., 12 f o, 6 f3, 16m from 1 Gal., 
1 qt., 3/4 pt., 8 f~.,, 4 f3., 12m." 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXI 
Class, Frequency, and Percentage of Errors of Problem 4 
ot the First Examination 
Frequency Percentage 
6 6.972 
3 3.486 
26 30.212 
13 15.106 
3 3.486 
0 
24 27.888 
0 
5 5.810 
5 5.810 
1 1.162 
0 
____ .. 
0 
-----
0 
Totals ••••••••• 86 99.932 
59 
60 
Problem 5. "Divide 38 lbs •• 6 oz •• 180 grs. by 6.5." 
Table XXII 
Class, Frequen~, and Percentage of Errors of Problem. 5 
of the First Examination 
Class Fre9,uenol !_eroen~a.g_e 
1 6 8.568 
2 0 
-----
3 16 22.848 
4 19 27.132 
5 1 1.428 
6 0 
-----
7 24 34.272 
8 0 
------
9 3 4.284 
10 1 1.428 
11 0 
__ .,. __ 
12 0 
------
13 0 
------
14 0 
-----
-
Totals ••••••• • •••• 70 99.960 
Problem 6. "If a Kilogram of a salt is bought for $3.75 and it is 
sold at 5¢ a drachm. what will be the total pro~it or loss on an av. 
pound sold?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXIII 
Class. Frequency, and Percentage of Errors of Problem 6 
of the First Examination 
Frequency Percentage 
7 8.862 
12 15.192 
27 34.182 
13 16.456 
17 21.522 
1 1.266 
0 
_. ____ 
1 1.266 
1 1.266 
0 
.. ----
0 ----~ 
0 
---.--
Q 
-----
0 
-----
Totals •••• 79 100.012 
61 
62 
Table XXIV shows the class, frequency, and percentage ot the errors of 
the seventh problaa of the first examination. 
A total of 117 errors occurred. Thirty, or 25.650 per cant of them are 
recorded in Class 3. They were caused by ignorance of phar.maceutieal 
quantitative relations. 
Table XXV is a second tabulation of the class, frequency, and percentage 
of errors of the seventh problem of the first examination. It shows also 
the parts of the probl~ in which the errors occurred. Classes 1 and 11 
indicate that same students failed to solve either part. These errors are 
listed as "Both" in the column which records the parts of the problem. 
The table indicates that 46 errors occurred in Part "a" and 49 occurred 
in Part "b". Twenty-two errors are due to failure to solve either part. 
The greatest number of errors in Part "a" are tabulated in Class 3. 
Tr~re are 20 of them and they constitute 17.100 per cent of the errors of 
the problem and 43.480 per cent of the errors of Part "a". 
The greatest number of errors in Part "b" are tabulated in Class 13. 
There are 16 of them and they constitute 13.680 per cent ot the errors of 
the problem and 32.680 per cent of the errors of Part "b". 
The frequency of errors in solving both parts of the problem are 
tabulated in Classes 1 and 11. Five of the errors are recorded in Class 1. 
They were caused by total failure to comprehend the problem. Seventeen 
errors are recorded in Class 11. They were caused by laCk of attempt to 
solve the problem. 
Problem 7. "A tank holds 12.68 Cubic Meters. What is its capacity in 
(a) liters (b) gallons?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXIV 
Class, Frequency, and Percentage of Errors of Problem 7 
of the First Examination 
Frequency Percentage 
23 19.665 
1 0.855 
30 25.650 
15 12.825 
0 
1 0.855 
2 1.710 
2 1.?10 
0 
0 
25 21.365 
0 
16 13.680 
2 1. 'llO 
Totals •••• • 111 100.025 
63 
64 
Table XXV 
Class, Frequency, and Percentage of Errors of Problem 7 
of the First Examination Arranged by Parts "a" and "b" 
Class Part Frequency Percentage of Problem 
Percentage 
of Part 
1 "a" 9 7.695 19.569 
"b" 9 7.695 18.369 
Both 5 4.275 22.725 
2 "a" 0 
------
"b" 1 0.855 2.041 
3 "a" 20 17.100 43.480 
"b" 10 8.550 20.410 
4 "a" 10 8.550 21.740 
"b" 6 4.275 10.205 
5 "a" 0 
----·-
"b" 0 
______ ... 
6 "a" 0 
------
"b" 1 0.855 2.041 
., 
"a" 2 1.'110 4.348 
"b" 0 
----- ------
8 "a" 2 1.710 4.348 
"b" 0 
------
9 "a" 0 
------
"b" 0 
------
10 "a" 0 
------
"b" 0 
------
11 "a" 3 2.565 6.522' 
~" 5 4.275 10.205 
moth· 17 14.535 77.265 
12 "a" 0 
-------
"b" 0 
-----.. 
13 "a" 0 
------
"b" 16 13.680 32,656 
14 ~~= q ----- ------.. ... 
........... ':teVOt; 
Table XXVI is an arrangement by class, frequency, and percentage of 
the errors of the eighth p:roblan. of the first exem1nation. 
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~e table indicates that almost 46 per cent of the total errors are 
listed in Class 3. They were caused by ignorance of pharmaceutical quanti-
tative relations. 
Less than half as many are listed in Class 1. These errors were caused 
by total failure to comprehend the problem. 
The balance of the errors are listed in five other classes. 
Table XXVII is an arrangement by class, frequency, and percentage of 
the errors of the ninth problan of the first examination. 
The table shows that 58 errors occurred. 
Nineteen errors are recorded in Class 1. They comprise 32.775 per cent 
of the total number. They were caused by total failure to comprehend the 
problem. 
No errors are recorded in six of the fourteen classes. 
Table XXVIII is an arrangement by class, frequency, and percentage of 
the errors ot the tenth problem of the first examination. 
Eighteen errors are listed in Class 1. They were caused by total 
failure to comprehend the problan and constitute 42.858 per cent of the 
total number that o oourred. 
Thirteen errors are listed in Class 2. They were caused by the 
presence of one or more incorrect elements, although the procedure was 
partly correct. 
Problan a. "A four fluid ounce prescription contains 4 scruples of 
sodium. citrate. How many grains of Sodium Citrate is contained 1n w,ery 
dessert spoonful?" 
Table XXVI 
Class, Frequency, and Percentage of Errors of Problem 8 
of the First Examination 
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Class Frequency Percentage 
1 10 20.410 
2 0 ---......... 
3 22 44.902 
4 2 4.082 
5 1 2.041 
6 0 ............ 
7 3 6.123 
8 0 
------
9 3 6.123 
10 4 8.164 
11 4 8.164 
12 0 
------
13 0 
------
14 c:O 
__ .. ___ 
-
Totals • • • • •••49 100.009 
67 
Preble 9. "One fluid ounce ot a stock solution contains 12 grains ot 
strychnine Sulphate. How many minims ot the stock solution are required 
in tilling a 2 fluid ounce prescription which is to be taken in teaspoonful 
doses, if l/64 ot a grain of the strychnine sulphate is to be taken in a 
dose?" 
Class 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXVII 
Class, Frequency, and Percentage of Errors of Problan 9 
of the First Examination 
Frequency ·percentage 
19 32.775 
12 20.700 
7 12.075 
4 6.900 
.0 .. ----.. 
0 
______ .,. 
0 
------
0 
------
1 1.725 
2 3.450 
12 20.'700 
0 
------
0 
------
l 1.725 
Totals •••••• 58 100.050 
68 
ProblEm 10. "A hot water bottle cost $1.00. At what price must the 
druggist mark it so he can give the physician a reduction of i on the 
marked price and still make a profit of one-half on the cost?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXVIII 
Class, Frequency. and Percentage of Errors of Problem 10 
of the First Examination 
Frequency 
18 
13 
0 
0 
0 
1 
0 
0 
1 
0 
8 
0 
0 
·-
1 
Totals ••••••• 42 
Percentage 
42.858 
30.953 
------
------
-----.. 
2.381 
----.. -
-------
2.381 
-------
19.048 
___ .. __ 
----.... 
2.381 
100.002 
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3. Results of the Second Examination 
Table XXIX presents a tabulation of the frequency and percentage of 
errors that occurred in the failure to solve the 600 problems of the second 
examination. The 403 errors that occurred are recorded in 14 classes. 
The greatest number of errors are tabulated in Class 10. There are 70 
of them and they constitute 17.360 per cent of the total number that 
occurred. They were caused by unnecessary changes to the metric system. 
Next in number are the errors that are recorded in Class 1. There are 
50 of them and they constitute 14.632 per cent of the total number. They 
were caused by total failure to comprehend the problen. 
No errors are tabulated in Class 12. 
A description of the various other classes of error that occurred may 
be seen on pages 38 and 39. 
Table XXX is a second classification of the errors of the second exam-
ination. The frequency of errors is arranged by Problem NUmber and a brief 
description is given of the types of problems that occurred in the second 
examination. 
More errors occurred in the failure to solve Problem 3 than any other 
problem of the exemjnation. These errors, 95 in number, represent 23.560 
per cent of the total number. 
Problem 2 ranks close to Problem 3 in the number of errors as 93 were 
made in attempts to solve it. 
The smallest number of errors, 12, occurred in the attempts to solve 
Problem 10. 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXIX 
Class, Frequency, and Percentage of Errors 
ot the Second E:xsmination 
Frequency 
59 
56 
42 
57 
33 
4 
31 
6 
8 
70 
25 
0 
5 
7 
Totals ••••• 403 
TO 
Percentage 
14.632 
13.888 
10.416 
14.136 
8.184 
0.992 
7.688 
1.488 
1.984 
17.360 
6.200 
-------
1.240 
1.736 
99.944 
Problem 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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Table XXX 
Frequency and Percentage of Errors of the Second Examination 
Arranged by Problan NUmber 
Explanation of Kind Frequency Percentage 
of Problan of Error of Total 
Dosage. Changing ~rom adult's dose 73 18.104 
to child's dose involving use of 
Wine and Household Measures 
Specific Gravity. Changing from 93 23.064 
Avoirdupois System to Wine Measure 
Specific Gravity involving use of 95 23.560 
Avoirdupois Systan of weights 
Specific Gravity 28 6.944 
Gas Measurement 26 6.448 
Dosage. Changing from adult's dose to 13 3.224 
ohild' s dose involving use of 
Apothecaries' Systan 
Specific Gravity. Changing from 23 5.704 
Metric System of weights to Wine 
Measure 
Specific Gravity. For solids lighter 20 4.960 
than water and insoluble in it, 
involving use o~ Metric System of 
weights 
Gas Measurement 20 4.960 
Dosage. Changing fra.m adult's dose 12 2.976 
to child's dose involving Household 
and Wine Measures and Apothecaries' 
System of weights 
Totals ••••••••••••••• 403 99.944 
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Table XXXI is an arrangement of the class, frequency, and percentage of 
the errors of the first problsm of the second examination. 
The greatest number of errors, thirteen, are tabulated in Class 10. 
They were caused by unnecessary changes to the metric system. They repre-
sent 17.809 per cant of the total number. 
Class 2 which is composed of errors caused by the presence of one or 
more incorrect fundamental elements, ranks second in frequency of errors. 
Eleven errors or 15.069 per cent of the total number are recorded in this 
class. 
No errors are tabulated in Class 12. 
Table XXXII is a second tabulation of the class, frequency, and 
percentage ot the errors of the first problem of the second examination. 
It indicates also the parts of the problem in which the errors occurred. 
The table shows that 35 errors occurred in Part "a" and 38 occurred 
in Part "b". 
The greatest number of errors of Part "a" are recorded in Class 10. 
There are eight of them and they compose 10.960 per cent of the errors of 
the problem and 22.856 per cent of the errors of Part "a". 
The greatest number of errors of Part "b" are recorded in Class 1. 
There are seven of them and they compose 9.589 per cent of the errors of 
the problem and 18.424 per cent of the errors of Part "b". 
Problem 1. "A prescription calls for 3 f3 of Tinoture of Lobelia in a 
4 fj mixture, which is to be taken by an adult in teaspoon:f'ul doses. 
(a) How many minims of the mixture should be the proper dose of a 
6 year old child and 
(b) How many minims of Tincture of Lobelia will such a child's dose 
contain?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXXI 
Class, Frequency, and Percentage of Errors of Problem 1 
of the Second Examination 
Frequency Percentage 
9 12.329 
11 15.069 
7 9~589 
4 5.480 
8 10.959 
2 2.740 
1 1.370 
1 1.370 
3 4.110 
13 17.809 
8 10.959 
0 
-------
2 2.740 
4 5.480 
-
Totals •••••••••• 73 100.004 
73 
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Table XXXII 
Class, Frequency, and Percentage of Errors of Problem 1 of 
the Second Examination Arranged by Parts "a" and ''b" 
Class Part Frequency Percentage Percentage of Problem ot Part 
-" 
1 "a" 2 2.740 5.714 
"b" 7 9.589 18.424 
2 "a" 6 8.219 17.142 
"b" 5 6.850 13.160 
3 "a" 7 9.589 20.000 
"b" 0 ___ .... ~ .. ---
4 "a" 3 4.110 8.571 
"b" 1 1.370 2.632 
5 "a" 4 5.480 11.428 
"b" 4 5.480 10.528 
6 "a" 0 
-----
......... 
"b" 2 2.740 5.264 
7 "a" 0 
----- -----
"b" 1 1.370 2.632" 
8 "a" 1 1.370 2.a.57 
"b" 0 
----- -----
9 "a" 1 1.370 2.857 
"b" 2 2.740 5.264 
10 "a" 8 10.960 22.856 
"b" 5 6.850 13.160 
11 "a" 2 2.740 5.714 
"b" 6 8.219 15.792 
12 "a" 0 
----- -----
"b" 0 ----.. .......... 
13 "a" 0 
----- ·------
"b" 2 2.741J 5.264 
14 "a" 1 1.370 2.857 
"b" 3 4.110 7.896 
Totals ~= T 1lra.rnn~ _:e_: ,~·~~~ 
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Table XXXIII is an arrangement of the olass, frequency, and percentage 
of the errors of the second problaa of the second examination. 
The greatest number of errors, twenty-three, are tabulated in Class 10. 
They compose 24.725 per cent of the total number. 
Twenty-two errors are recorded in Class 5. Ths.y compose 23.650 per cent 
of the total number. 
There is but one error in each of Classes 7 and s. 
Table XXXIV is an arrangement of the class, frequency, and percentage 
of the errors of the third problea of the second examination. 
Class 10, composed of the errors that were caused by unnecessary changes 
to the metric system, contains the greatest number. The 31 errors that 
are in this class represent 32.643 per cent of the total number. 
Class 7 is composed of the next greatest number of errors. ~enty-four 
errors are tabulated in this class and th~ represent 25.272 per cent of 
the total number. 
There are no errors tabulated in Classes 6 1 12,13, or 14. 
Table XXXV is an arrangement of the class, fr.equenoy, and percentage 
of the errors of the fourth problem of the second examination. 
Thirteen of the twenty-eight errors which occurred are recorded in 
Class 1. They comprise 46.423 per cent of the total number. 
caused by total failure to comprehend the problem. 
Eight of the 14 classes have no errors recorded in th8111. 
They were 
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Problem 2. "If' an expensive perfume is bought f'or $24.00 an av.oz. • 
how much must a fluid drachm sell f'or in order to make a gross profit equal 
to ~ t~es the cost?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table :XXXII I 
Class. Frequency. and Percentage of' Errors of Problem 2 
of the Second Examination 
Frequency Percentage 
10 10.750 
7 7.525 
16 17.200 
7 7.525 
22 23.650 
0 .. -~--
1 1.075 
1 1.075 
0 
-----
23 24.'125 
4 4.300 
0 
0 
2 2.150 
Totals ••••••• 93 99.975 
ProblEIIII. 3. "I£ the speoi£ic gravity o£ an oil is 0.9, what is the 
volume o£ 1 av. lb. o£ the oil in apothecaries' .fluid measure? State the 
answer as a compound quantity." 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXXIV 
Class, Frequena,y, and Percentage of Errors of Problem 3 
of the Second Examination 
Frequency Percentage 
3 3.159 
14 14.742 
12 12.636 
.6 6.318 
1 1.053 
0 --...... 
24 25.272 
1 1.053 
1 1.053 
31 32.643 
2 2.106 
0 
------
0 
------
0 
------
Totals ••••••••• 95 100.035 
77 
18 
Problem 4. uit 11.25 Gm. of a powder having a S.G. of 2.25 were 
introduced into a 25 co. pycnometer full of alcohol S.G. 0.8. (a) how many 
co. of alcohol would overflow and (b) how many Grams of alcohol would 
overflow?" 
Class 
1 
2 
3 
4 
5 
6 
., 
8 
9 
10 
11 
12 
13 
14 
Table XXXV 
Class. Frequency. and Percentage of Errors of Problam 4 
ot the Second Examination 
Frequency Percentage 
13 46.423 
1 s.s11 
0 
------
0 
------
0 
.. _____ 
0 
__ ... ____ 
1 3.571 
1 3.571 
0 
------
0 
___ .. __ 
9 32.139 
0 
------
3 10.113 
0 _., ____ 
Tota.ls •••••••• 28 99.988 
Table XXXVI is a second tabulationof the class. frequency. and 
percentage of the errors of the fourth problaa of the second examination. 
It indicates also the parts of the problem in whiCh the errors occurred. 
'19 
The table shows that 13 errors occurred in Part "a" and 15 occurred in 
Part "b". 
Ten of the 13 errors that occurred in Part "a" are tabulated in Class 1. 
They were Oa.used by total failure to comprehend the problem. They compose 
35.110 per cent of the total errors of the problem and 76.920 per cent of 
the errors of Part "a". 
Seven of the errors that occurred in Part "b" are tabulated in Class 11. 
They were caused by not attempting to solve the problem and they constitute 
24.997 per cent of the errors of the problem and 46.669 per cent of the 
errors of Part "b". 
Table XXXVII is an arrangement of the class. frequency. and percentage 
of the errors ot the fifth problem of the second examination. 
Eleven ot the 26 errors that occurred are tabulated in Class 2. They 
constitute 42.306 per cent of the total errors and were caused by the 
presence of one or more incorrect fUndamental elements, although the 
procedure was partly correct. 
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Table XXXVI 
Class, Frequency, and Percentage of Errors of Problem. 4 
of the Second Examination Arranged by Parts "a" and "b" 
Class Part Frequency Percentage 
of Problem 
Percentage 
of Part 
l "a" 10 35.710 76.920 
"b" 3 10.713 20.001 
2 "a" 1 3.571 7.692 
"b" 0 
------ ------
3 "a" 0 
------ ~-----
"b" 0 
------ ------
4 "a" 0 
------ ------
"b" 0 
------ -------
5 "a" 0 
------ ------
"b" 0 
------ ------
6 "a" 0 
------ ------
"b" 0 
------ ----·-
7 "a" 0 
------ ------
"b" l 3.571 6.667 
8 "a" 0 
------ ------
"b" 1 3.571 6.667 
9 "a" 0 
------ ------
"b" 0 
------
.............. 
10 "a" 0 
------ ------
"b" 0 ----~ -----..... 
11 "a" 2 7.142 15.384 
"b" 7 24.997 46.669 
12 "a" 0 
------ ------
"b" 0 
------ ------
13 "a" 0 
------ -------
"b" 3 10.713 20.001 
14 "a" 0 
------ ------
"b" 0 
------ ------
Totals "a" -yr 99.998 "a" 99.996 
"b" 15 "'h" lOO .• OOS 
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Problam 5. "A 11 ter of gas at standard temperature and pressure will 
measure how much (in co.) at 25° c. and 780 mm. of pressure?" 
Table XXXVII 
Class, Frequency, and Percentage of Errors of Problem 5 
ot the Second Examim tion 
Class Frequency Percentage 
1 3 11.538 
2 11 42.306 
3 0 
------
4 9 34.614 
5 0 
------
6 1 3.846 
7 1 3.846 
8 0 
_____ ... 
9 0 
____ .__ 
10 0 ......... __ 
11 1 3.846 
12 0 
------
13 0 
-----.. 
14 0 .......... 
Totals •••••••• 26 99.996 
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Table XXXVIII is an arrangement of the class, frequency, and percentage 
of the errors of the sixth problem o:f the second examination. 
Only thirteen errors occurred in the attEmpts to solve this problEIIl. 
Eight errors are tabulated in Class 4. They were caused by ignorance 
or carelessness in the use of the fundamental processes and in the placing 
of the decimal point. These errors constitute 61.536 per cent o:f the total 
number that occurred. 
One error is tabulated in ea~h of Classes 6, 9 1 and 10. 
Table XXXIX is an arrangement of the class, frequency, and percentage 
of the errors of the seventh problem of the second emmina.tion. 
The greatest number of errors, eight, are tabulated in Class 4. They 
constitute 34.784 per cent of the total number and were caused by ignorance 
or carelessness in the use of the fundamental processes and in the placing 
of the decimal point. 
Six errors are tabulated in Class 1. They constitute 26.068 per cent 
of the total number and were caused by total failure to comprehend the 
problem. 
Table XL is an arrangement by class, frequency, and percentage of the 
errors of the seventh problem of the second examination. 
Seven errors are tabulated in each of Classes l and 2. These two 
classes contain 70 per cent of the total number of errors. 
No errors are tabulated in nine classes. 
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Problem. 6. "The average dose of acetylsalicylic acid is 5 grains. 
Haw much of the drug should be used in order to make 15 powders for a 
two year old child?" 
Table XXXVIII 
Class, Frequency, and Percentage of Errors of Problem 6 
of the Second Examination 
Class Frequency Percentage 
1 0 
------
2 0 
------
3 0 --.. -... 
4 8 61.536 
5 0 
------
6 1 7.692 
7 2 15.384 
8 0 
------
9 1 7.692 
10 1 7.692 
11 0 ......... _ .. 
12 0 
------
13 0 
-----... 
14 0 
_____ .,.. 
-
Totals •••••••• l3 99.996 
Problem 7. "A R/ calls for 3.5 Gm. of an oil (S.G. 0.93). How many 
minims should be used?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XXXIX 
Class, Frequency, and Percentage of Errors of Problem 7 
of the Second Examination 
Frequency Percentage 
6 26.068 
4 17.392 
4 17.392 
8 34.784 
0 
---.---
0 
------
0 
------
0 
------
1 4.348 
0 
_____ _. 
0 
------
0 
------
0 
------
0 ----~-. 
Totals ••••••••••• 23 99.984 
84 
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Problan 8. "A piece of lead weighs 35.412 Gm. in air and 32.292 Gm. in 
water. A piece of spermaceti weighs 29~30 Gm. in air. Sperme:oeti~ and lead 
in water weigh 30.592 Gm. What is the specific gravity of the spermaceti?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XL 
Class, Frequency, and Percentage of Errors of Problem 8 
of the Second Examination 
Frequency Percentage 
7 35.000 
7 35.000 
0 
------
3 15.000 
1 5.ooo 
0 
------
0 
---.. --
2 10.000 
0 
-------
0 
------
0 
-----... 
0 
------
0 
------
0 
------
-
Totals ••••••••••••• 20 100.000 
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Table XLI is an arrangement of the class, frequency, and percentage of 
the errors of the ninth problem of the second examination. 
Twenty errors occurred. Seven of them or 35 per cent of the total 
number are tabulated in Class 1. They were caused by total failure to 
comprehend the problem. 
Five errors are tabulated in Class 4. They constitute 25 per cent of 
the total number and were caused by ignorance or carelessness in the use 
of the fundamental processes and in the placing of the decimal point. 
No errors are recorded in six of the 14 classes. 
Table XLII is an arrangement of the class, frequency, and percentage 
of the errors of the tenth problem. of the second examination. 
The table shows that only 12 errors occurred in the attempts to solve 
the problem. 
Seven of the errors are tabulated in Class 7. They were caused by 
careless recording of answer. 
Two errors are tabulated in Class 10 and one in each of Classes 1, 2, 
and 3. There are none in any of the other classes. 
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Problem 9. "It 75.680 oc. o£ a gas are measured at 40 C. and normal 
pressure. how m.a.ny liters ot the gas will you have at l0°C. and 760 mm. 
pressure?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
Table XLI 
Class. Frequency. and Percentage ot Errors of ProblEm 9 
ot the Second Examination 
Frequency Percentage 
7 35.000 
0 
.. ,. ____ 
2 10.000 
5 25.000 
l 5.000 
0 
.. ____ ,_ 
l s.ooo 
0 
------
2 10.000 
0 .......... 
l 5.000 
0 
------
0 
____ ..,_ 
1 5.000 
-Totals ••••••••• 20 100.000 
Problem 10. "A physician prescribed a dose of 1/15 gr. of arsenic 
trioxide for an adult. Haw many grains would you dissolve in a 4 fl. oz. 
mixture in order to have each teaspoonful deliver the proper dose to his 
6 year old child?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XLII 
Class, Frequency, and Percentage of Errors of Problem 10 
of the Second Examination 
Frequency" Percentage 
1 8.333 
1 8.333 
1 8.333 
7 58.331 
0 
------
0 
------
0 
-------
0 
-.. ----
0 
------
2 16.667 
0 
------
0 
------
0 
------
0 
------
Totals •••••••••••••••• l2 99.S97 
88 
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4. Results of the Third Examination 
Table XLIII presents a tabulation of the frequency and percentages of 
the errors that occurred in the failure to solve the 130 problems of the 
third examination. The 52 errors that occurred are recorded in 14 classes. 
The greatest frequency of errors is tabulated in Class 3. Sixteen 
errors compose this class. They were caused by ignorance of phar.maceutioal 
quantitative relations. 
Nine errors are recorded in Class 2. They were caused by the presence 
of one or more incorrect fundamental elements although the procedure was 
partly correct. 
Table XLIV is a second tabulation of the errors of the third examination. 
The frequency of errors is arranged by Problem !lumber and a brief desoriptio:rJ 
is given of the types of problems that occurred in the examination. 
Of the 52 errors that occurred, ten were caused by failure to solve 
Problem 7, eight by failure to solve Problem 3, and seven by failure to 
solve Problem 6. Together they constitute slightly more than 48 per cent 
of the total number that occurred. 
Only one error occurred in the attempts to solve Problem 1. 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XLIII 
Class. Frequency. and Percentage of Errors 
of the Third Examination 
Frequency 
4 
9 
16 
5 
6 
1 
0 
0 
6 
2 
1 
1 
0 
1 
Totals ••••••••••••• 52 
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Percentage 
7.692 
17.307 
30.768 
9.615 
11.538 
1.923 
------
------
11.538 
3.846 
1.923 
1.923 
-----... 
1.923 
99.996 
Problem 
Number 
1 
2 
3 
4 
5 
6 
'I 
8 
9 
10 
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Table XLIV 
Frequency and Percentage of Errors of the Third E:x:am:ination 
Arranged by Problem Number 
Explanation of Kind Frequency Percentage 
of ProblEIIl of Error of Total 
Specific Gravity and Percentage 1 1.923 
involving the changing from Wine 
Measure to Avoirdupois weight 
Percentage or Alligation 4 7.692 
Addition of weights in Avoirdupois, 8 15.384 
Metric, and Apothecaries' Systems. 
· Answer in Metric Sys tam 
Dosage. Changing from adult's dose 6 11.538 
to child's dose in Apothecaries' 
System 
Specific Gravity. Solids heavier than 3 5.769 
water and soluble in it. 
Percentage. "Profit or loss" 'I 13.461 
Reducing formula. Changing from Metric 10 19.230 
System of weights to Apothecaries' 
System 
Percentage composition of chemical 3 5.769 
Percentage. "Profit or loss" 6 11.538 
Discount and percentage 4 7.692 
Totals ••••••••••••••• 52 99.996 
Table XLV indicates that only one error occurred in the attsnpts to 
solve the first problem of the third examination. 
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It was caused by ignorance of pharmaceutical quantitative relations. 
Table XLVI shows that the four errors that occurred in the attempts to 
solve the second problem of the third examination are equally distributed 
among Classes 1, 4, 9, and 10. 
They were caused by ignorance of pharmaceutical quantitative relations, 
ignorance or carelessness in the use of the fundamental processes and in 
the placing of the decimal point, incorrect reading of figures in problem, 
and unnecessary changes to the metric system, respectively. 
Table XLVII shows that of the eight errors that occurred in the 
attempts to solve the third problem of the third examination, seven were 
caused by ignorance of pharmaceutical quantitative relations. The other 
one was caused by incorrect reading of the figures in the problem. 
Table XLVIII signifies that six e~rors occurred in the failure to 
solve the fourth problem of the third examination. 
Two errors are recorded in each of Classes 4 and 9 and one in each of 
Classes 3 and 11. 
Ignorance or carelessness in the use of the fundamental processes and 
incorrect reading of the figures of the problem are responsible for two-
thirds of the errors that occurred. 
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Problsn 1. "A phannaoist bought 5 gallons ot castor oil (Sp. Gr. 0.95) 
at 30 ¢per pound (Av.). At what price per pint Should he sell it to 
realize 100% on oost (not figuring cost ot bottles etc.) 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XLV 
Class, Frequency, and Percentage ot Errors of Problem 1 
ot the Third Examination 
Frequency Percentage 
0 
------
0 
------
1 100.000 
0 
------
0 
------
0 
------
0 
------
0 
-----.. 
0 
------
0 
------
0 
------
0 
------
0 
------
0 
-------
Totala ••••••••••••• 1 100.000 
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Problem 2. nit you wanted to make 5 lbs. of a 50% solution ot "Caustic 
potash" how much 11Potassa" containing 90% KOH should you use?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table XLVI 
Class, Frequency, and Percentage ot Errors of Problem 2 
of the Third Examination 
Frequency Percentage 
1 25.000 
0 
------
0 
_____ ... 
1 25.000 
0 
-------
0 
-----.. 
0 
-------
0 
-------
1 25.000 
1 25.000 
0 
------
0 
-----· 
0 
------
0 
-------
Totals •••••••••• 4 100.000 
Problem 3. "Add 50. l¢-lligrams, 40. Dekagrams, 70. centigrams, 
10. Hectograms, 5. decigrams, 1 pound (Av.) 4 ounces (Apoth.), 7 drachms 
and 2 scruples. Give answer in Kilograms." 
Table XLVII 
Class, Frequency, and Percentage of Errors of Problem 3 
of the Third Examination 
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Class Frequency Percentage 
l 0 
------
2 0 
------
3 7 87.500 
4 0 
-----... 
5 0 
------
6 0 
-----.. 
7 0 
-------
8 0 
------
9 1 12.500 
10 0 
------
11 0 
-----.. 
12 0 
------
13 0 
------
14 0 
-------
Totals ••••••••••••••• 8 100.000 
Problem 4. "The Ad.ul t Dose being 1/20 of a grain of a certain drug, 
bow muoh should be given a child 6 years old. Give answer in grains and 
milligrams or fractions of each." 
Table XLVIII 
Class, Frequency, and Percentage of Errors of Problem 4 
of the Third Examination 
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Class Frequency Percentage 
1 0 _____ .. 
2 0 
_____ ,. 
3 1 16.667 
4 2 33.333 
5 0 
------
6 0 
-------
7 0 
------
8 0 
____ ... _ 
9 2 33.333 
10 0 
------
11 1 16.667 
12 0 
-------
13 0 
------
14 0 
------
Totals ••••••••••••••• 6 100.000 
Table XLIX is a second tabulation of the class, frequency, and 
percentage of the errors of the fourth problsn of the third examination. 
It indicates also the parts of the problem in whiCh the errors occurred. 
The table indicates that but one error occurred in Part "a" and that 
five errors occurred in Part "b". 
The error which occurred in Part "a" is tabulated in Class 9 and was 
caused by incorrect reading of the figures of the problem. 
Two of the errors that are tabulated in Part "b" occur in Class 4. 
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They were caused by ignorance or carelessness in the use of the fundamental 
processes and in the placing of the decimal point. One error occurred in 
each of Classes 3• 9• and 11. 
Table XL indicates that two of the three errors that occurred in the 
failure to solve the fifth problem of the third examination are recorded 
in Class 1. They were caused by oamplete failure to comprehend the problem. 
The other error. occurring in Class 12. was caused by misinterpretation 
of the problem. 
Table XLI indicates that three errors are tabulated in each of 
Classes 2 and 5. They comprise more than 85 per cent of the errors that 
occurred. The errors that occur in class 2 were caused by the presence of 
one or more incorrect fundamental elements, although the procedure was partly 
correct. The errors that occur in Class 5 were caused br carelessness in 
the reading of the word-facts of the problem. 
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Table XLIX 
Class, Frequency, and Percentage ot Errors ot Problem 4 
ot the Third Examination Arranged by Parts "a" and "b" 
Class Part Frequency Percentage ot Problem 
Percentage 
of Part 
1 "a" 0 
------ ------
"b" 0 
------ ------
2 "a" 0 
------ ------
"b" 0 
------ ------
3 "a" 0 
------ ------
"b" 1 16.667 20.000 
4 "a" 0 
-----.. 
. .......... 
"b" 2 33.333 40.000 
5 "a" 0 
------ ------
"b" 0 
------ ------
6 "a" 0 
------ ------
"b" 0 
------ ------
., 
"a" 0 
____ .. _ 
------
"b" 0 
------ ------
8 "a" 0 
------ ------
"b" 0 
------ ------
9 "a" 1 16.667 100.000 
"b" 1 16.66'1 20.000 
10 "a" 0 
------ ------
"b" 0 
------ ------
11 "a" 0 
------ ------
"b· 1 16.667 20.000 
12 "a" 0 
------ ------
"b" 0 
------ ------
13 "a" 0 
------ ------
"b" 0 
------ ------
14 "a" 0 
------ ------
"b" 0 
------ ------Totals "a" --r 106.061 "a" ioo.ooo 
"b" 5 "b" 100.000 
Problem 5. "The Speo. Gr. of a piece of sugar in oil of turpentine 
is 1.500, the Sp. Gr. of the oil of turpentine is o.sso. What is the true 
Sp. Gr. of the sugar?" 
Class 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
Table L 
Class, Frequency, and Percentage of Errors of Problem 5 
ot the Third Examination 
Frequency Percentage 
2 66.667 
0 
------
0 
------
0 
------
0 
------
0 
------
0 
-------
0 
-----· 
0 
____ _... 
0 
------
0 
------
l 33.333 
0 
------
0 
------
Totals •••••••••••• 3 100.000 
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Problem 6. "A pharmacist bought } gross of cough syrup at $24.00 
per gross less 10%. 5%, and 2% and 1 Doz. free. He retailed it all at 
25¢ per bottle. What was his percentage profit on net cost?" 
Class 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table LI 
Class, Frequency, and Percentage of Errors of Problem 6 
of the Third Examination 
Frequency Percentage 
0 
------
3 42.858 
0 
-------
0 
------
s 42.858 
0 
------
0 
------
0 
------
1 14.286 
0 
------
0 
----..... 
0 
------
0 
------
0 
------
Totals ••••••••••••• 7 100.002 
100 
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Table LII is an arrangement of the class, frequency, and percentage of 
the errors of the seventh problem. of the third examination. 
The table indicates that seven of the errors, or 70 per cent of the 
total number, are recorded in Class 3. They were caused by ignorance of 
phar.maoeutical quantitative relations. 
One error, 10 per ceDt of the total number, is recorded in each of 
Classes 21 911 and 10. 
Table LIII is an arrangement of the class 11 frequency, and percentages 
of the errors of the eighth problem of the third examination. 
One error, caused by ignorance or carelessness in the use of the 
fundamental processes and in placing the decimal point, is tabulated in 
Class 4. 
One error is tabulated in Class s. It was caused by carelessness in 
reading of the word-facts of the problem. 
Table LIV is an arrangement of the class, frequency, and percentage 
of the errors of the ninth problem of the third examination. 
Six errors are recorded in the table. 
Four of the errors, 66.667 per cent of the total number, are tabulated 
in Class 2. They were caused by the presence of one or more incorrect 
fundamental elements, although the procedure was partly correct. 
One error which is tabulated in Class 1 was caused by a total failure 
to comprehend the problem. 
The remaining error is tabulated in Class 14. 
Problem 7. "The following is the formula for a Pharmaceutical 
preparation: 
Precipitated Calcium Carbonate ••••••••• 
Sublimed Sulphur ••••••••••••••••••••••• 
Oil of Cade •••••••••••••••••••••••••••• 
Sof't 
Lard 
Soap •••••••••••••••••••••••••••••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
10 Gm. 
15 Gm. 
15 Gm. 
so Gm. 
so Gm. • 
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Write formula for 2 ounces (Apoth.) in apothecary weights only (not parts.)" 
Class 
1 
2 
s 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1S 
14 
Table LII 
Class, Frequency, and Percentage of Errors of Problan 7 
of the Third Examination 
Frequency Percentage 
0 
------
1 10.000 
7 70.000 
0 
------
0 
------
0 
------
0 
--------
0 
------
1 10.000 
1 10.000 
0 
-------
0 
------
0 
------
0 
___ .. __ 
-
Totals.~ ••••••••• lo 100.00 
Problem 8. "How much bromine is there in 24 ounoes o£ Potassium 
Bromide? At. Wt.; K • 39.10 Bre = 79.92" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table LIII 
Class, Frequency, and Percentage o£ Errors o£ Problsn 8 
o£ the Third Examination 
---Frequency Percentage 
0 
-------
0 
------
0 
------
1 33.333 
1 33.333 
1 33.333 
0 
-------
0 
.. _____ 
0 ------~ 
0 
----.... 
0 
-------
0 
------
0 
-------
0 
------
Totals ••••••• 3 99.999 
103 
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Problem 9. "A druggist bought 10 gallons of a fluid extract for $36.00 
which was 40 per cent off the list price. He sold 5 gallons to a. hospital 
at 25 per cent off the list price. At what price per gallon must he sell 
the balance to make a profit of 45 per cent on the cost of the 10 gallons?" 
Class 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table LIV 
Class, Frequency, and Percentage of Errors of Problem 9 
of the Third Examination 
Frequency Percentage 
l 16.667 
4 66.667 
0 
____ .. __ 
0 ____ .. __ 
0 
_ .._____ 
0 
___ ._ ___ .,. 
0 
-------
0 
______ .,. 
0 
-------
.0 
-----.. -
0 
-------
0 
--------
0 
-------
1 16.667· 
Totals •••••••••••• 6 100.001 
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Table LV, the last table of the group, is an arrangement of the class, 
frequency, and percentage of the errors of the tenth problem of the third 
examination. 
But four errors occurred in this problem.. 
Two errors are recorded in Class 5. They were caused by carelessness 
in reading of the word-facts given in the problem.. 
One error is recorded in Class 2. It was caused by the presence of 
one or more incorrect fUndamental elements, although the procedure was 
partly correct. 
The remaining error is recorded in Class 4. It was caused by 
ignorance or carelessness in the use of the fundamental processes and in 
the placing of the decimal point. 
Prob1am 10. "A Druggist bought one gross of Tonic for $125.00 and 
received discounts of 15 percent, 5 percent, and 3 percent and sold the 
Tonic at $1.25 per bottle. What was his percentage of profit per bottle 
on the cost?" 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Table LV 
Class, Frequency, and Percentage of Errors o£ Problem 10 
of the Third Examination 
Frequency Percentage 
0 
-------
1 25.000 
0 .. _____ 
1 25.000 
2 so.ooo 
0 
------
0 
-------
0 
------
0 
------
0 
------
0 
------
0 
------
0 
------
0 
------
-
Totals •••••••••••••• 4 100.000 
• 
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r~------------------------------------~ 
F. Resultant Tests for Remedial Work 
and Preventive Measures 
The "Table of Equivalents." adapted from a similar table given to the 
students enrolled in the class in Pharmaceutical Arithmetic, and the 12 
tests that compose the third pa.rt of this study follow. 
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It is desirable that the information contained in the table be learned 
by the students before Test V is administered to the class for this is the 
test that includes the use of all of the systems of weights and measures 
that are studied in the subject. 
The final mark in Pharmaceutical Arithmetic is determined by averaging 
the marks obtained in the "daily work" of the students • averaging the three 
marks obtained in the three "mid-semester" examinations. and then averaging 
these two marks with the one obtained in the final examination. 
It is thought that the tests suggested for use at the completion of 
each unit of work will act as remedial agents in showing the students their 
weak points so that they may correct them before any examination is 
administered. 
The tests are to be given to the class in sequence by number. Each 
one. with the exception of Test v. is to be given immediately f'ollowing 
the completion of the study of the corresponding section of the arithmetic 
textbook. Test V is to be administered after the students have completed 
the study of Metric Weights and Measures and before they have completed the 
study of Alligation. 
Upon the completion of each test by the students, the teachers should 
mark the papers and classify the errors according to the method described 
in Chapter III to determine the particular weaknesses of the students. 
When the weaknesses have been pointed out, the students may correct them., 
either by themselves or by consultation w.t th their teachers. 
Table of Equivalents 
l Apoth. oz. = 31.1 Gm. l u.s. fluid dram • 3.7 oo. 
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l Apoth. drachm = 3.9 am. l u.s. fluid ounce = 480 u.s.min. 
l Apoth. pound= 5,760 gr. 
l Apoth. pound= 3'73.2 Gm. 
l Avoir. oz. = 43'7 .s gr. 
l Avoir. oz. = 28.35 Gm. 
1 Avoir. lb. • 1,000 gr. 
1 Avoir. lb.= 453.·6 Gm. 
l grain • 0.0648 Gm. 
1 Gram = 15.432 gr. 
1 Kilogram • 2.2 Avoir. lb. 
l Kilometer = 0.62 miles 
l Meter = 39.3'7 inches 
l ino)l • 2.54 am. 
231 cu. in. • 1 u.s. gal. 
1, 728 cu. in. = l cu.tt. 
l Liter = 33.81 u.s. fl.os. 
l co. = 16.23 u.s. minims. 
1 u.s. fl.oz.: 29.5'7 oc. 
1 u.s. minim H20 = 0.95 gr. 
l u.s. gal. = 128 u.s. fl.oz. 
l u.s. gal.• 8.34 &voir. lb. 
l u.s. gal.= 3,'785 co. 
l u.s. Pint : 4'73.12 oo. 
1 u.s. Pint H20 • 7,2'74 gr. 
15.35 u.s. fl.oz. H20 = l Av. lb. 
TEST I 
FUNDAMENTALS OF ARITHMETIC 
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1. State in the Arabic system the equivalents tor the following Roman 
numerals: I,V,X,L,C,D,M. 
2. What is the rule tor determining the value of' a number when a 
Roman numeral of' a lower value precedes one of' a higher value? Illustrate 
this by the use of' two examples. 
3. What is the rule tor determining the value of a number when a Roman 
numeral of' a higher value precedes one or more of lower value? Illustrate 
this by the use of tvro examples. 
4. What is "one-half" in the system and how is it abbreviated? 
5. What is a vinculum? Illustrate its use with both Roman numerals 
and Arabic figures. 
6. State the table f'or Avoirdupois weight. 
7. State the table f'or Apothecaries' weight. 
a. What weight unit is the same in both of the above systems? 
9. State the tabla tor ''Wine Measure" or Liquid Apothecaries' Measure. 
10. State the table f'or Household Measure. 
11. State the table for Lmperial Measure. 
12. lrnat three abbreviations are used for the word gallon? 
13. What three abbreviations are used tor the word pint? 
14. State the table in the common system for the measure of' length. 
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15. State the table in the common system for square measure. 
16. State the table for the measure of length in the Metric System. 
17. State the table for weight in the Metric System. 
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TEST II 
PROBLEMS IN CUSTOMARY WEIGHTS AND MEASURES 
1. Convert 1 oz., (avd.) to apothecaries' weight. 
2. How many grains are in each of the following: la, 33, 2 6 (apoth.)? 
3. Show the correct way to calculate the weight of a minim of water. 
4. Add the following: 3 ij, h iij, 3 ix, ~ ij, and I:J xvj, giving the 
answer in grains. 
5. Add 12 oz., 'o iv, and i lb. giving the answer in grains. 
6. Subtract ~ ijss tram l apoth. oz. giving the answer in grains. 
7. Give the quantity of each of the three following ingredients 
required to make 1 pint of an elixir: quinine sulfate, strychnine sulfate, 
and soluble ferric phosphate. Each fluid drachm of the elixir is to 
contain 1 gr. of quinine sulfate, 1/100 gr. of strychnine sulfate, and 
2 gr. of soluble ferric phosphate. 
a. How many teaspoonful doses in 4 fl. 6 of Elixir of Iron, Quinine and 
Strychidne? 
9. Cocaine hydrochloride is listed at $9.25 per ounce. What will half 
a dram cost? 
10. How much strychnine sulfate will be needed to fill a prescription 
for 1. n. o of a solution having 1/30 gr. in each 60 minims? 
11. How many 1/8 gr. morphine sulfate tablets can be made from an 
1/8 oz. bottle of the salt? 
12. A prescription calls for 3 1 of a salt in a six fluid ounce 
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prescription whioh is given in doses of one tablespoonful. How muoh salt 
is there in each dose? 
13. How many 3 i doses of bismuth subnitrate can be dispensed from a 
4 oz. package of the salt? 
14. How muoh creosote will be required to make 4 gross of 5 min. 
capsules? 
15. A 4 fl. A prescription is directed to be given in dessertspoontul 
doses twice a day. How long will the prescription last? 
113 
TEST III 
PROBLEMS INVOLVING COMMON FRACTIONS 
1. A druggist had l grain of morphine sulfate and dispensed 1/10 grain. 
How muoh had he le.tt? 
2. A pharmacist had l grain of codeine phosphate and dispensed 1/10 
of it. How much ranained? 
3. Six ounces of quinine were sold. This was 3/10 of the stock on hand 
before the sale was made. What was the stock originally on hand? 
4. "A" bought a cash register and a soda fountain for $2200. The 
register cost 3/8 as much as the fountain. What was the cost of each? 
5. The sales in a drug store for November and December amounted to 
$2800.00. Two-thirds of the November sales equalled one-half of the 
Deoember sales. What were the sales for each month? 
6. The sales in a drug store run as follcwsa i toilet articles, 1/6 
sundries, 1/8 drugs, 1/12 soda fountain, and the balance prescriptions 
which amounted to $2500.00. What were the sales in each department? 
7. A prescription called for 1~ gr. of strychnine sulfate. This was 
to be dispensed in 30 pills. Howmuoh strychnine was there in each pill? 
a. A man owned 3/32 of a drug store and sold 2/3 of his share for 
$2800.00. What was the value of the store? 
9. At an auction sale of a drug stock 1/2 was sold on Monday, 1/10 
on Tuesday, 1/12 on Wednesday, and 1/25 on Thursday. What part of the 
original stock was left? 
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TES1' IV 
PROBLEMS IN ME1'RIC v'VEIGH'l'S AND MEASURES 
1. Write in words the meaning o£ the following metric quantities: 
(a) 2 mg., (b) 3 co., (o) 0.5 L., (d) 2.09 Gm., (e) 3 cg., (£) 2.756 Gm., 
(g) 7 dg., (h) 4 Kg., (1) 0.17 dg., (j) 0.0065 Gm., (k) 32 mm., (1) 0.5 Y., 
(m) 0.2 dg., (n) 0.325 L., (o) 50 am., (p) 40 Dg., (q) 30 Hg. 
2. Write in :figures with the correct abbreviations and in addition the 
proper decimal part o£ the unit; (e.g., :four milligrams = 4 mg. or 0.004 Gm.) 
(a) six centigrams, (b) :fifteen milligrams, (c) tour Liters, (d) tour and 
five-tenths milligrams, (e) two-tenths Liter, (£) one-hal£ cubic cent~eter, 
(g) one-fourth milligram, (h) two decigrams, (i) forty decigrams, (j) one-
hal£ centigram, (k) twenty-five centigrams, (1) forty-two Dekagrams, 
(m) five thousand and seven mils, (n) twenty-five hundred cubic centimeters, 
(o) £itty-£ive Dekaliters, (p) two thousand and nhirteen centiliters, 
(q) six and one-fourth milligrams. 
3. Add 1 mg., 2 cg., and 3 dg. 
4. Add 1 Kg., 5 Gm., 2 Hg., and 20 Dg. 
5. Add 5 dg., 2 Gm., 3 cg., 2 mg., and 2 Hg. 
6. A keg of witch hazel extract contained 4 Dekaliters. At different 
times 0.5 L., 1000 cc., 2 L., 450 co., and 3.5 L. were withdrawn. How 
many co. remained? 
7. Convert 35.005 centigrams to milligrams. 
8. Convert 0.07505 Kilograms to milligrams. 
9. Convert a. 182.296 centigrams to Grams. 
lO.Convert 0.013 decigrams to Hectograms. 
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TEST V 
PROBLEm INVOLVING MIXED v'VEIGHTS AND MEASURES 
1. 1 Kg. of water equals how many fluid ounces? How many Av. ounces? 
2. Give the weight in Grams of a pint of water. 
3. Give the weight of a gallon of water in Kg.; in Av. lbs. 
4. How many sq. am. in a plaster which measures 4x6 in.? 
5. Give equivalents in the metric system of 1/60 gr., l/l2 gr., 10 gr., 
:3 ij, and l> iij. 
6. Give the dose in grains of each of the ingredients in the following 
prescriptionsc 
R/ 
Extracti colocynthidis 6. 
Aloes 48. 
Resinae soammonii 24. 
Olei oaryophyli 4. 
M. and make pills No. CXCIJ 
7. Compound Syrup of White Pine with Morphine contains in eaoh Liter 
0.5 Gm.of morphine sulfate and 6 co. of chloroform. How many grains of 
morphine sulfate and how many minims of chloroform in eaoh teaspoonful dose? 
a. Eighty-five Grams of sugar and 45 co. of water make 100 co. of Syrup. 
, -
Row much sugar and how much water are necessary to prepare 1 gallon of 
syrup? 
9. If 21.6 Gm. of blue mass be divided into 100 pills, how many grains 
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will there be in eaoh pill? 
10. Give the equivalents in the common system for each of the following: 
2.5 Gm., 0.095 Gm., 10 cc. (in both liquid apothecaries' and household 
measure), and 0.5 co. 
TEST VI 
ALLIGATION' 
1. A pharmacist mixed 12 fl. oz. ot a 20% solution, 6 fl.oz. of an 
18% solution, and 10 tl.oz. of a 16% solution. What was the percentage 
strength of the mixture? 
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2. A garage man diluted 1000 co. of H2so4, sp.gr. 1.83 with 500 co. of 
water. Allowing nothing for shrinkage, what was the sp.gr. of the diluted 
acid? 
3. It 1000 Gm. of sulfuric acid• 93% strength, is mixed with 500 co. of 
water, what is the strength of the dilute acid? 
4. In what proportion would you mix opium containing 7% morphine with 
opium containing 12% morphine to prepare opium containing 10% morphine? 
5. In what proportion must lots of alcohol of 10%, 25%, and 40% strengths 
be mixed with alcohol of 80% strength to prepare alcohol of 50% strength? 
6. How much water must be added to 2 lbs. of stronger ammonia water 
(28%) to prepare official ammonia water (10%)? 
7. How many fluid ounces of a solution having a sp.gr. of 0.96 must be 
added to 8 fluid ounces of another solution having a sp.gr. of 0.92 to 
make a product having a sp.gr. of 0.95? 
a. In what proportion must four solutions of a salt containing 
respectively 2%, 5%, 12%, and 20% be mixed to make a solution of 10% 
strength? 
9. A phar.maoist wishes to prepare l lb. of a 10% solution of a salt. 
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He has two solutions of 7% and 12% respectively. Haw much of each solution 
must he use? 
TEST VII 
DOSAGE 
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1. The adult dose of cimici.t'uga is 1 Gm. What is the dose tor a child 
four years old? Use Brunton's Rule for calculation. 
2. Illustrate Cowling's Rule of finding the dose of sodium. salicylate 
for a child 5 years old if the adult dose is 15 grains. 
3. Illustrate Young's Rule of finding the dose of a drug tor a child 
1 years old if the adult dose is 1 Gm. 
4. Five grains being the proper dose of a drug for a child 5 years old, 
what is the adult dose? 
5. The adult dose of a drug being 12 gr. • how much of a 1% solution 
of this drug will give the proper dose for a child 4 years old? 
6. The adult dose of a drug being 5 gr. • how muoh of it should be 
placed into a four ounce liquid mixture tor a child 4 years old if the 
mixture is to be given in doses ot one teaspoonful each? 
7. If the dose ot atropine sulfate is 1/120 gr., what is the proper 
dose to administer by hypodermic injection? 
8. A patient's stomach is in such condition that medicine cannot be 
administered by mouth. What dose of a substance should be given by 
rectum if its official dose is 2 grains? 
TEST VIII 
SPECIFIC GRAVITY AND SPECIFIC VOLUME 
1. What is the weight of 200 cc. of sulfuric acid which has a sp.gr. 
1.476? 
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2. What is the weight of a 2 fl.oz. of alcohol which has a sp.gr. 0.81? 
3. How many avoirdupois pounds of Syrup of Hypophosphites can be put 
into a 5 pint bottle if the syrup has a sp.gr. 1.25? 
4. How many pint bottles will be required to hold 50 avoirdupois pounds 
of glycerin which has a sp.gr. 1.25? 
5. A piece of metal has a sp.gr. of 8 and weighs 3 ounces. When it 
is suspended and weighed in syrup, it is found to weigh 2.5 ounces. What 
is the sp.gr. of the syrup? 
6. A certain glass pendant weighs 39.24 Gm. When suspended in H20 it 
weighs 28.16 Gm. When weighed while suspended in chloroform it weighs 
22.89 Gm. What is the sp.gr. of the chlorofor.m? 
7. A 1 L. pycnometer holds 720 Gm. of ether. What is the sp.gr. of 
the ether? 
8. A piece of wax weighs 2.9 Gm. and when placed into water it floats. 
A piece of lead weighing 14 G.m. is attached to it to pull it under the 
surface o£ the water. The piece of lead is known to displace 5.4 Gm. of 
water. The wax and lead together weigh 8.2 Gm. in water. What is the 
sp.gr. o£ the wax? 
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9. A certain bottle holds 48 Gm. of water. If 27.6 G.m. of powdered 
zinc be placed into it and the bottle then filled with water. the combined 
weight of the contents is 71.6 Gm. What is the sp.gr. of the zinc? 
10. Four Gm. of powdered citric acid was weighed into a pycnometer 
which would hold 25 Gm. of water. The pycnometer then was filled with oil 
of turpentine (sp.gr. 0.87). The combined weight was 23.67 Gm. Find the 
sp.gr. of the citric acid. 
11. Convert 25° Baume heavy to specific gravity. 
12. What is the sp.gr. of a liquid whi~ is 40° Baume light? 
13. Find the Baume degree of glycerin whiCh has a sp.gr. of 1.25. 
14. Find the Baume degree of alcohol which has a sp.gr. of 0.82. 
15. One hundred G.m. of glycerin measures 80 co. What is its specific 
volume? 
16. If the sp.gr. of a substance is 1.47. what is its sp.vol.? 
17. If the sp.vol. of a substance is 0.83, what is its sp.gr.? 
TF.<3T IX 
PROBLEMS IN THERMOMETRIC CONVERSION 
1. A certain fluid solidifies at 6°C. What temperature is this oh 
the Fahrenheit scale? 
2. Convert -10°C. to Fahrenheit. 
3. The u.s.P. describes "gentle heat• as being between 30° and 40°c. 
What are the corresponding temperatures on the Reaumer scale? 
0 4. Convert -25 c. to Reaumer. 
. 0 5. Body temperature is 98.6 F. What is this temperature on the 
Centigrade scale? 
0 0 6. Convert -40 F. to C • 
0 
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s. Captain Amundsen found a temperature of 10 below zero Fahrenheit. 
What is this reading on the Reaumer thermometer? 
9. Convert 22°R. to c0 • 
0 0 
10. Convert -15 R. to C • 
0 11. What Fahrenheit temperature corresponds to 16 R.? 
0 0 
12. Convert -88 R. to F • 
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TEST X 
PROBLEMS IN GAS MEASUREMENT 
0 1. What will 250 ee. of nitrogen at 0 c. measure if the temperature is 
increased to 20°C.? 
2. What will be the volume of 20 ce. of carbon oxide measured at 10°C. 
0 
if afterward it is measured at 20 C.? 
s. A certain gas measures 100 co. at -10°C. What will be its volume 
0 
at -20 c.? 
0 
4. A quantity of chlorine measures 60 co. at 20 C. What will be its 
volume at 0°C.? 
0 0 5. What will be the volume of a gas at -15 c. if at 0 C it occupies 
90 co. of space? 
6. A gas measures 50 co. at 760 mm. pressure. What will it measure 
at 756 mm. pressure? 
7. A volume of gas at standard pressure is 120 oo. What will be the 
volume of the same gas at 820 mm. pressure? 
8. A quantity of gas occupies 85 co. at 780 mm. pressure. What will 
be its quantity at 825 mm. pressure? 
9. A quantity of gas measures 92 co. at 900 mm. pressure. What 
quantity will it measure at 810 mm. pressure? 
0 10. 840 co. of hydrogen at 760 mm. pressure and at 0 c. will occupy 
what space when measured at 780 mm. pressure and at 20° c.? 
0 
ll. One Liter of gas at 750 mm. pressure and at 20 c. will measure 
what quantity when subjected to a pressureot 790 mm. at a temperature of 
l0°C.? 
0 12. It a volume of gas at 740 mm. pressure at -10 c. is 600 co., what 
0 
will be its volume at a pressure of 670 mm. and a temperature of 25 C.? 
0 
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13. 640 cc. of a gas measured at 720 mm. pressure at 10 c. will occupy 
0 
what space When it is measured at 640 mm. pressure at 20 c.? 
0 14. What will be the volume of a gas at 825 mm. pressure at 35 c., 
0 it its volume at 780 mm. pressure at 15 c. is 900 oc.? 
r 126 
TES.T XI 
PROPORTION AND PERCENTAGE 
1. Howmany pounds of acid 60% strength are equal to 26 pounds of 
acid 12% strength? 
2. It 18 Gm. of water yield 2 Gm. of hydrogen, how much hydrogen will 
90 Gm. of water yield? 
3. How many ounces (avd.) of 6% solution can be made from 1 {avd.) 
pound of borax? 
4. Podophyllum yields 6% of resin when extracted with alcohol. How 
much resin can be obtained from 52 lbs. o:t podophyllum? 
5. 800 Gm. ot a solution of sodium bromide was evaporated to complete 
dryness. The residue weighed 96 Gm.. What was the percent strength of 
the solution? 
6. What is the strength of a solution containing 26 Gm. of potassium 
I ·~ 
iodide dissolved in 100 Gm. of water? 
7. A piece of opium oontBtin.s 10% ot morphine apd 12% of water. A:f'tier 
the moisture is driven out, what is the percent of morphine in the opium? 
a. How much silver nitrate will be required to make 2 fl. oz. ot a 
1 to 500 solution? 
9. An auctioneer's commission for selling a lot of goods was $60.00 
and the net sum paid the owner was $1200.00. What was his rate of 
co:mm.i s si on? 
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10. A druggist bought a lot of hot water bottles. The discount on 
the original price was $18.00. The rate of discount was 15%, 10%, and 5%. 
What was the amount of the gross bill? 
11. The business in a drug store is 20% soda fountain, 25% cigars, 
and 30% sundries. The balance is drugs and prescriptions and amounts to 
$10 1 000. What are the total sales and how much for each departmentZ 
12. At what price must I mark an article which cost $2.00 so that I 
can make 50% on the cost price and still sell it to a physician at 25% 
discount? 
13. Official Syrup requires 850 Gm. of sugar to make 1000 co. It has 
a sp.gr. of 1.31. What per oent of sugar is in the Syrup? 
14. A pharmacist bought a gross of fountain pens for $200.00 and 
received one dozen free and a discount of 15%, 10%, and 5%. At what price 
must he sell each pen to make a profit of 85% on the oost? 
15. A man invested $6,000.00 in a drug store which gave him a yield 
of $200.00 a month. What was his amma.l per oent of yield on his invest-
ment? 
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TEST XII 
VOLUMETRIC SOLUTIONS, ALKALIMETRY, AND ACIDIMETRY 
1. What is a volumetric solution? 
2. What is a normal volumetric solution? 
3. How are such solutions made? 
4. Explain No. 3 by using as examples HCl, H2so4, H3P04 and NaOH. 
5. What are tractional normal solutions? State an example. 
6. What use is made of volumetric solutions? 
7. What is the meaning of the word "factor• when applied to 
alkalimetry and acidimetry? 
s. What will be the factor of an acid solution if 10 cc. of a 
standard alkaline solution neutralize9.5 co. of the aoid solution? 
9. How many co. of standard N/10 H2so4 are equivalent to 50 oo. of 
a aolution having a factor of 1.0351 
10. How Dl8.llY' Gm. of silver nitrate in 50 co. of N/10 solution whioh 
has a factor of 0.98? AgN03 = 169.89. 
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11. What is the factor for a solution of potassium hydroxide if 58 co. 
of N/100 v.s. are required to neutralize 6 co. of N/10 v.s. of hydrochloric 
aoid? 
12. How ~Any Gm. of absolute HCl in 55 oc. of N/50solution having a 
factor ofl.026? 
13. It required 20 co. of KOH Nft v.s. to neutralize 4 Gm. of acetic 
acid. What was the per cent strength of the acid? 
r 
KOH = 56.11 acetic acid = 60.03 
14. How many Gm. of potassium hydroxide are there in 400 co. of a 
solution if it requires 12 cc. of N/1 acid to neutralize 5 oc. of the 
alkaline solution? 
15. What volume of absolute sulfuric acid (sp.gr. 1.84) will be 
required to make a Liter of N/l V.S.? H2so4 c 98. 
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16. What is the percent strength of nitric acid if' 3.15 am. requires 
31.5 co. H/1 IOH v.s. for exact neutralization? 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
A. SUMMJIRY 
The problem of this study was to discover, if possible, the causes 
of the difficulties which sophomore college students meet in solving 
problans in Pharmaceutical Arithmetic. 
At the outset, it was decided that this study was to be a threefold 
investigation. 
First, three sets of examination papers that had been written by the 
members of a class in Pharmaceutical Arithmetic were examined carefully to 
locate all of the arithmetical errors that had occurred. 
Secondly, a diagnostic classification was made so that the errors might 
be tabulated. This was accomplished by attempting to analyze each error 
as it was met. As the different classes of errors were established, they 
were recorded and assigned numbers. Each error was numbered according to 
the class with which it conformed. This procedure aided in the calculation 
of the frequency of error that occurred in each class. 
Tables were prepared of the frequency and percentage of errors of the 
14 types. The bases for the tables were the three examinations considered 
together, the examinations considered separately, and the individual 
lro_ 
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problems. 
Three other tables were prepared - one for the errors of each examin-
ation. They shaw the frequency and percentage of errors for the problems 
in which they occurred. 
Another procedure of this study was developed to serve as a preventive 
measure. The material which is contained in Snow's "!he Ari thm.etic of 
Pharmacy a was divided into 11 units. A test was written for each unit and 
one was written to unify the fundamental work in the various systems of 
weights and measures. When the work that is included in a unit is completed 
by the members of the class in Pharmaceutical Arithmetic, the proposal 
specifies the administration of the test that was composed for that 
particular unit to discover the weaknesses of the individual students and 
of the class as a whole. 
An extraordinary number of errors were discovered. 
The class of errors that contains the greatest number is composed o£ 
mistakes due to ignorance of pharmaceutical quantitative relations. It 
contains 19.983 per cent of the total number. 
Ranking next is the class that is composed of mistakes due to total 
failure to comprehend the problem. It contains 15.038 per cent of the 
total number. 
Ranking third is the class that is composed of mistakes due to care-
lessness in the use of the fundamentals and in the placing of the decimal 
point. It contains 13.919 per cent of the total number. 
The errors that are arranged in the 11 other classes range from 0.512 
132 
to 11.016 per cent of the total number. 
B. CONCLUSIONS 
1. Carelessness as a Cause of Error 
The results of the study indicate that students who are enrolled in 
classes in Pharmaceutical Arithmetic are careless in the learning of the 
tundrunental facts of the subject. The 19.983 per cent of the total errors 
which were caused by ignorance of pharmaceutical quantitative relations 
confirms this conclusion. 
From the percentage of the total number of errors which were caused 
by ignorance or carelessness in the use of the fundamental processes and 
in the placing of the decimal point, one may conclude that students are 
careless in the use of simple arithmetic. Carelessness in the reading of 
the word-facts of the problem which was responsible for 7.515 per cent 
of the total number of errors, carelessness in the recording of the an~er 
whioh was responsible for 11.016 per cent of the total numberof errors, 
incorrect reading ot the figures of the problem - all of these causes of 
errors certainly indicate that carelessness in one form or another is 
greatly responsible for the errors in Pharmaceutical Arithmetic. 
2. Bad :Methods of Study as a Cause of Error 
That students seam to have developed bad methods of study in their 
pre-cSllege years of training is indicated by their carelessness and by 
their complete lack of comprehension of the problem. 
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Lidga states, ~enever we meet a complex condition of affairs in our 
life work we do not usually react to it until we have made a study of the 
various factors involved, drawn so.me conclusions and finally for.med some 
plan of action. Bitter experience has :baught us that to begin difficult 
and unfamiliar work without some kind of plan, depending upon inspiration to 
help us out, usually leads to unsatisfactory results." 
3. Typicality of Errors 
It seams that the causes of the errors that were investigated in this 
study may be the causes of the errors that are met in classes in Phar.maceu-
tical Arithmetic in other colleges throughout the United States. 2 Osburn 
reports a study that substantiates this belief. "Thiesen, in his study 
of the errors made by children at Janesville, found nearly all of the type 
errors which were found later in the responses of more than three thousand 
children scattered over the entire State of Wisconsin • • • • The fact 
that such a study reveals typical errors gives much significance to the 
work of individual investigators who are dealing with small groups." 
4. Aid to be Obtained from the Study 
If such a tabulation of errors as the ons suggested in this study 
is used by the teachers in the correction of all of the work of a class in 
Pharmaceutical Arithmetic, it is predicted that great help will be given 
1. Paul Lidga. "The Systematic Solution of Arithmetic Problems." School 
Science and Mathematics 28:24, January, 1928 
2.J. Osburn:-Gorrective Arithmetic, New York: Houghton Mifflin Company, 1924, 
.34. 
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to both the teachers and the students. The teachers will be able to diaghos 
the individual's errors and can give more specific and intelligent aid. 
The students, seeing their own weaknesses will be able to help themselves. 
If the tests that are recommended in this study are administered by 
the teachers at the time of the completion of each unit of work and are 
used in connection with the classification of errors, the number of errors 
that occur in the regular examinations should be reduced. 
Attention is called to sane of the problems that have been included in 
the tests presented for preventive measures. Th~ may be consi4ered untit 
for modern arithmetic study, but there is a particular reason for their 
inclusion. Students who are graduated from a college of phar.macy in the 
State of Illinois must pass a series of exandnaticns which are conducted 
by the State Board of Pharmacy before they may obtain a license to practice 
pharmacy in the state. An examination in Pharmaceutical Arithmetic is 
included in the series. The person on the Board of Pharmacy who is 
responsible for the examination in arithmetic may ask any questions in the 
subject that he thinks an applicant should be able to answer correctly. 
Eenee, students must be able to solve any problens that are considered 
suitable by the examiner even though modern pedagogy condemns them as 
obsolete. 
c. Suggestions for Further Research 
It is recommended that further research be conducted in the study of 
the errors in Pharmaceutical Arithmetic. 
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With proper cooperation of teachers of the subject, all of the papers 
that are written by the students of a class in Pharmaceutical Arithmetic 
could be obtained and the errors classified. Comparison of the frequency 
of errors thus obtained could be made with the results of this study. 
The tests could be given as directed and at the completion of the major 
examinations, the errors could be classified and their frequency could be 
compared with the results obtained from this study. 
Correlations could be made of the work of the individual students and 
the class as a whole if the class, frequency, and the percentage of the 
errors of the examinations were tabulated. 
The percentage marks or grades that the students obtain after the 
program that has been suggested is carried out could be compared with the 
grad~s obtained by classes that had not used this program. 
No claim is made thatthe use of the classification of errors, the 
tests for preventive measures, or the recommendations offered will 
eradicate all of the errors that occur in the study of Pharmaceutical 
Arithmetic. Add the best quality of teaching that can be obtained; 
destroy the idea that is prevalent that if a person is not born with 
"arithmetic ability" he never can acquire it; guard against lack of clarity 
in the statement of problems. The median percentage score of the students 
should be higher than it has been in the past. 
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APPENDIX 
r 
FIRST EXAMINATION 
1. A druggist bought 1/8 oz. of Dionin and dispensed on prescription the 
following: 1/2 gr., 1/1.2 gr., 5/6 gr., 3/4 gr., and 179 gr. How many 
grains did he have left? 
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2. If you dissolve 24 grains of Iodine and 2 draohms of Potassium Iodide 
in 2 fl.oz. of water, the weight of the solids will be what fractional 
part of the entire weight of the solutiont 
Cod. Phosphate ••••••••••••••••• gr. iv. 
Amm. Chloride •••••••••••••••••• gr. iii. 
Syr. Soillae ••••••••••••••••Fl. oz. i 
Syr. Pruni Virg., 
to make ••••••••••••• Fl. oz. iv. 
Directions: One teaspoonful four times a day. What is the amount of 
the first three ingredients in each dose and how long will the 
prescription last? 
4. Subtract 2 qts., 1 pt., 12 f o ., 6 f:5 ., 16m from 1 Gal., 1 qt., 
3/4 pt., a fo , 4 f~ • 12 min. 
5. Divide 38 lbs., 6 oz., 190 grs. by 6.5 
6. If a Kilogram of a salt is bought for $3.75 and it is sold at 5¢ a 
drachm, what will be the total profit or loss on an av. pound sold? 
7. A tank holds 12.68 Cubic Meters. What is its capacity in (a) Liters 
(b) Gallons? 
a. A four fluid ounce prescription contains 4 scruples of Sodium Citrate. 
How many grains of Sodium Citrate is contained in every dessertspoonful? 
9. One fluid ounce of a stock solution contains 12 grains of Strychnine 
Sulphate. How many minims of the stock solution are required in filling 
a 2 fluid ounce prescription which is to be taken in teaspoonful doses, 
if l/64 of a grain of the strychnine sulfate is to be taken in a dose? 
10. A hot water bottle cost $1.00. At what price must the druggist mark 
it so he can give the physician a reduction of 1/4 on the marked price 
and still make a profit of one-half on the cost price? 
r 
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SECOND EXAMINATION 
1. A prescription calls for 3 f3 of Tincture of Lobelia in a 4 t 1, 
mixture, which is to be taken by an adult in teaspoonful doses. 
a) How many minims of the mixture should be the proper dose for a 
6 year old child and 
b) How many minims of Tincture of Lobelia will such a child's dose 
contain? 
2. If an expensive per.rume is bought for $24.00 an av.oz., howmuoh must 
a fluid drachm sell for in order to make a gross profit equal to ~ 
times the cost 1 
3. If the Specific Gravity of an oil is 0.9, what is the volume of 1 av. 
lb. of the oil in apothecaries' fluid measure? State answer as a 
compound quantity. 
4. If 11.25 Gm. of a powder having a S.G. of 2.25 were introduced into a 
25 oo pycnometer full of alcohol S.G. o.s, (a) haw many oc. of alcohol 
would overflow and (b) how many Grams of alcohol would overflow? 
5. A liter of gas at standard temperature and pressure will measure haw 
much (in co.) at 25°C. and 780 mm. of pressure? 
6. The average dose of acetylsalicylic acid is 5 grains. How much of the 
drug should be used in order to make 15 powders for a two year old 
child? 
7. A R/ oalls tor 3.5 Gm. of an oil (S.G. 0.93). How many minims should 
be used? 
s. 
9. 
10. 
A piece of lead weighs 35.412 Gm. in air and 32.292 Gm. in water. 
A piece of spermaceti weighs 29.30 Gm. in air. Spermaceti and lead in 
water weigh 30.592 Gm. What is the specific gravity of the spermaceti? 
0 If 75,680 oc. of a gas a~e measured at 40 C. and normal pressure, haw 
many liters of the gas will you have at 10°C. and 760 mm. pressure? 
A physician prescribed a dose of 1/15 gr. of arsenic trioxide for an 
adult. How many grains would you dissolve in a 4 fl. oz. mixture in 
order to have each teaspoonful deliver the proper .dose to his 6 year 
old child? 
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THIRD EXAMINATION 
1. A Pharmacist bought 5 gallons of castor oil (Sp. Gr. 0.95) at 30~ per 
pound (Av.). At what price should he sell it to realize 100% on cost 
(not figuring cost of bottles, etc.). 
2. If you wanted to make 5 lbs. of a 50% solution of "Caustic Potash" 
how much "Potassa" containing 90% KOH should you use? 
3. Add 50. milligrams, 40. Dekagrams, 70. centigrams, 10. Hectograms, 
s. decigrams, 1 pound (Av.) 4 ounces (Apoth.), 7 drachma and 2 scruples. 
Give answer in Kilograms. 
4. The adult dose being 1/20 of a grain of a certain drug, how much should 
be given a child 6 years old. Give anBWer in grains and milligrams or 
fractions of each. 
5. The Spec. Gr. of a piece of sugar in oil of turpentine is 1.500, the 
Sp.Gr. of the oil of turpentine is o.sso. What is the true Sp.Gr. of 
the sugar? 
6. A Pharmacist bought 1/2 gross of cough syrup at $24.00 per gross less 
10%, 5% and 2% and 1 Doz. free. He retailed it all at 25~ per bottle. 
What was his percentage profit on net cost? 
7. The fol~owing is the for.mula for a Pharmaceutical Preparation: 
Precipitated Calcium Carbonate ••••••••• 10. Gm. 
Sublimed Sulphur ••••••••••••••••••••••• 15. Gm. 
Oil of Cade •••••••••••••••••••••••••••• 15. Gm. 
Soft Soap •••••••••••••••••••••••••••••• 30. Gm. 
Lard ••••••••••••••••••••••••••••••••••• ~o. Gm. 
100. Gm. 
Write formula for 2 ounces (Apoth.) in apothecary weights only 
(not parts). 
8. How much bromine is there in 24 ounces of Potassium Bromide? 
At. Wt.: K = 39.10 Br. : 79.92. 
9. .~ Druggist bought 10 sallons of a fluid extract for $36.00 which was 
~~ percent off the list price. He sold 5 gallons to a hospital at 
25 per cent off the list price. At what price per gallon must he sell 
the balance to make a profit of 45 percent on the cost of the 10 
gallons? 
10. A Druggist bought one gross of Tonic for $125.00, and received discounts 
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of 15 percent, 5 percent and 3 percent and sold the Tonic at $1.25 per 
bottle. What was his percentage of profit per bottle on the cost? 
r 
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